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ABST-RACT 
The present study was directed to investigate the geology, geomorphology and 
structural fabric around Bassi and Mandalgarh sectors, Chittogarh and Bhilwara 
d is t r ic ts , Rajasthan, wi th part icular reference to structural evolution of Great 
Boundary Faul t . The study was carr ied out through stereomodel observations 
wi th detai led f ie ld mapping in an area of about 900 »q.l<m in parts of Vindhyan 
Basin in Rajasthan. The study area forms the Northwestern part of Vindhyan 
Basin of Rajasthan and is included in Survey of India toposheet nos. 45 k/16 
and 45 0/4 (Fig. 1). 
The study was carr ied out in d i f ferent phases. Phase-I includes collation and 
consultation of availbale l i terature and data to generate background knowledge 
about the area. The Phase-II comprise primary data generation in respect of 
strat igraphy, structure and sedimentation through remote sensing techniques, 
conventional group surveys and laboratory studies. The Phase III included analysis 
of pr imary data into a correlated model to generate a conceptual frame-work 
for the evolution of Great Boundary Fault of Rajasthan. In the Phase-IV, experi-
ments were carr ied out in the laboratory to simulate the stress environment 
responsible for the evolution of structural fabric of Vindhyan Basin of Rajasthan. 
The Great Boundary Fault was in i t ia l ly considered as a continuous plane wi th 
a throw of about 1500 m (see Heron, 1936). Revisional mapping by Prasad and 
Sharma (1977) has revealed that the fau l t is not a boundary faul t sensu st r ic to, 
but has modif ied the basin margin subsequent to deposit ion. They estimated 
the throw of Great Boundary Fault of about 500 m. Iqbaluddin, et a l . (1978) 
(ii) 
gave the f i rst detailed account of the morphology of the Great Boundary Faul t . 
They have also evolved a conceputal model for the evolution of Great Boundary 
Faul t . 
The l i thounits and st ructura l elements were mapped to prepare lithologicaJ 
and structural maps using air photo and conventional survey techniques. The 
Survey of India toposheets no. 45k/16 and A50/3 on 1:50,000 scale were used 
as base map. 
The strait igraphy of Vindhyan sedimentaries in the study area w/as established 
w/ith the help of photo characters together w i th the spatial relationship of 
l i thounits and external reference data. The fol lowing order of superposition 
has been established (Table i). 
(iii) 
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Bhander Group 
Rewa Group 
Bundi H i l l Sandstone Format ion. 
Samria Shale Formation 
Lakheri Limestone Formation 
Gannurgarh Shale Formation 
Govindgarh (upper Rewa) Sandstone 
Format ion. 
Jhiri Shale Formation 
Indergarh (Lower Rewa) Sandstone 
Formation 
Panna Shale Formation 
Kaimur Group Akoda Mahadev Sandstone Formation 
Lower 
Vindhyan 
Khorip Group Suket Shale Formation 
For the tectonic evolution of Vindhyan Basin, a petro-tectonic model has been 
conceived. The Vindhyan Basin of Rajasthan is a cratonic basin and is charac-
terised by peribasinal deformat ion w i th central part exhibit ing l i t t le or no 
deformation (Iqbaluddin and Mughni, 1976; Iqbaluddin et a l . , 1978; Srivastava 
and Iqbaluddin, 1981) and having dome and basin structures (see Ramasamy, 
(iv) 
1985). The Northwestern margin of Vindhyan Basin is characterised by a major 
fault extending f rom Chi t torgarh in South to Machilpur in Nor th, having a 
str ike length of about 400 km trending roughly in NE-SE direct ion. Hacket 
(in Pascoe, 1968) has designated this faul t as Great Boundary Fault of Rajasthan. 
The Great Boundary Fault has been an enigma of Rajasthan geology. It is part ly 
due to the fact that the f ronta l margin of Vindhyan has been eroded (Fig. 13a & b ) 
and part ly because the fa i lure surface has been offsetted by secondary wrench 
faul t ing at several places (F ig . 7). 
The study area was in i t ia l ly surveyed by Heron (1936) and subseguently by 
Iqbaluddin (1964) and Prasad (1977) of Geological Survey of India. They recorded 
the strait igraphy and the l i tho characters of the formational units which forms 
the basis of the subsequent investigations in the area. 
The f ie ld traverses carr ied during the course of this study, have recorded ev i -
dences of syntectonic st ra in to Great Boundary Faul t . The most convincing 
details were recorded in the freshly exposed quarry section at Bassi and road 
cut t ing at Dekri Khera. The study reveals that the fai lure surface is a composite 
surface and not a single surface as i t was earlier conceived. In south, between 
Chit torgarh and Barundni, the Great Boundary Fault has been picked up as 
thrust occurring as decollement over the Berach Granite (PI . \ / I , F i g , b. F ig . 
13a & b). In the Barundni sector, it is occurring as wrench where the structural 
trend of Bichor syncline and its complimentary folds exhibit angular discordance 
with the trend of Great Boundary Faul t . 
(v) 
At Bassi, the Suket Shale exhibit development of slip lineations which are tec ton i -
cally related to thrust movement in the area. At Dekri Khera, the contact 
between the Vindhyan sedimentaries and the Berach Granite is excellantly 
exposed as a 1.5 m thick zone of crushed breccia (PI. VI , F ig . a). Locally the 
beds have buckled in s t ructura l disharmony wi th overlying sedimentary pile 
giving rise to decollement l ike s t ructure. 
To simulate the peribasinal deformat ion of Vindhyan Basin several experiments 
were performed wi th the help of a machine designed to generate centr i fugal ly 
directed stress f i e ld . The studies revealed that when the model is deformed 
under centr i fugal stress f ie ld peripheral folding and thrusting appears at the 
margin of the model in a compressive stress regime and in the central part , 
the model exhibits tensile f ractures of d i f ferent orientations. When the model 
was subjected to release of centr i fugal stess secondary faul t ing and dome and 
basins structures have developed in the central part of the model (PI . X I I , 
F ig . b) due to redistr ibut ion of stresses. 
A Petro-tectonic model of centr i fugal stress f ie ld has been advocated for the 
evolution of s t ructural fabr ic of the Vindhyan Basin. The stresses responsible 
for the evolut ion of the st ructura l fabr ic were derived f rom the body force 
of the sedimentary pr ism. The body force acting against the r igid margin got 
resolved in two components (horizontal and vert ical) . The vert ical component 
of the stress control led the bathymetry of the basin while the horizontal com-
(vi) 
ponent acted tangential ly against the r ig id margins resulting in bucking of 
the strata at the peripheral par t , by layer parallel shortening of the sedinnentary 
prism. The strain gradient increase w i th depth and lateral ly f rom the axis towards 
the basin margin w i t h near zero lateral strain shortening in the r igid basement. 
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Chapter I 
INTRODUCTION 
GENERAL STATEMENT 
The author took up the study of 'Geology of Vindhyan Supergroup in parts of 
Chi t torgarh and Bhilwara d is t r ic ts , Rajasthan w i th part icular reference ,to struc-
tural evolut ion of the Great Boundary Fau l t ' (see Hacket in Pascoe, 1968). 
The programme of study comprise the fo l lowing : (i) Col lat ion of the available 
l i terature and data to generate background in format ion about the study area. 
(i i) Pr imary data generation in respect of s t rat igraphy, l i thology, sedimentation 
and structural fabr ic of the area, through Remote sensing techniques, conventional 
ground surveys and laboratory studies, ( i i i ) Analysis of the pr imary data to 
generate model for s t ructural evolut ion of the Great Boundary Faul t , (iv) Experi-
mental model studies to simulate the stress environment responsible for the 
evolution of the structural fabr ic in vindhyan Basin of Rajasthan. 
The data were synthesised into the present thesis, submit ted in part fu l f i lment 
for the degree of Doctor of Philosophy in Geology of Al igarh Muslim Universi ty, 
Al igarh. 
AREA AND LOCATION 
T+ie study area forms Northwestern part of the Vindhyan Basin of Rajasthan 
(Fig.1). For analyt ical r igor an area of about 90O sq.km covering parts of 
Bhilwara and Chit torgarh distr icts of Rajasthan was studied. The area lies 
between lat i tude 25°00'N - 25 ° r2 'N and longitude 7A°45'E - 75°10'E and is 
included in Survey of India toposheet nos. 43 K/16 and 45 0/4. 
COMMUNICATION AND SETTLEMENTS 
The area is wel l connected by an extensive network of roads f rom Bhilwara, 
Chi t torgarh and Bundi. Chi t torgarh on the Ajmer-Rat lam meter gauge line 
is the nearest rai l -head. Udaipur which is about 120 kms f rom the area, is 
the nearest a i rport , connected to d i f ferent cit ies through regular lA services. 
Bassi, Bichor, Parsol i , Mandalgarh and Sigoli are important towns in the area. 
Almost all villages are connected by roads and cart tracks, which made the 
area fa i r ly accessible inspite of its rugged topography. 
CLIMATE 
The area under study lies in the tropical c l imat ic zone of India. The annual 
ra infa l l is very errat ic most of which comes during monsoon months. The average 
annual temperature ranges f rom 35° - 40°C in summer while in winter it comes 
down to 10°-20°C. Nights are relat ively cooler than the day. The area experiences 
three major seasonal changes in the year, viz., winter , summer and rainy seasons. 
Winter lasts f rom November to March. Summer starts f rom Apr i l and lasts 
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t i l l June and is hot and dry. The area experiences nnonsoon showers between 
July and October. 
FLORA 
The vegetation of the area under study comprises large trees grading down 
to shruby covers. Trees l ike Mahua (Madhuca indica), Babul (Acacia), Dhak 
(Bhutea Frondosa), and Khair (Acacia Catechu), e tc . donninate. Fair ly dense 
to dense jungles of mixed trees fo rm the Reserve Forest of Satbari, Mahudi 
Mahadeva and Sigoli. These forests have bushy and grassy undergrowth which 
grows during monsoon season. The trees l ike those of Mango (Manganifera indica), 
Nim (Azadirachta indica) and various variet ies of c i t rus plants are grown near 
the villages for domestic uses. 
FAUNA 
The fauna of the area, especially the wi ld l i fe has vanished due to rapid deforesta-
t ion . The more common animals l ike jackals, hares, w i ld fox are occasionally 
seen in the reserve forests. Birds l ike peacock, pegeons, doves, cranes and 
partridges are endemic to the area. Domestic animals l ike cow, buffalow, goat, 
dog, camel, e tc . are common pets in the vi l lages. 
PREVIOUS INVESTIGATIONS 
The Vindhyan Basin of India was traversed by several explorers in the 19th 
Century (see Mal le t , 1869). Major contributions towards the geology of Vindhyan 
Basin have been made by the of f icers of Geological Survey of India (Coulson, 
1927; Auden, 1933; Heron, 1936). During the past decade strat igraphy, palaeogeo-
graphy and sedimentation of Vindhyan Basin has been studied (see Prasad, 1975, 
1981; Prasad and Ramasamy, 1980; Banerjee and Maharaja Singh, 1981; Srivastava 
and Iqbaluddin, 1981; Ghosh, 1981; Ghosh et a l . , 1981; Lakshman, 1981). Iqbaluddin 
and Mughni (1976), Prasad (1976), Iqbaluddin, et a l . (1978), Ramasamy (1985) 
have contr ibuted towards the understanding of the structural fabrics in parts 
of Vindhyan Basin. Geochronologically the Vindhyan rocks have been assigned 
an age of 1250 M.a. to 605 M.a. (see Tugarinov, et a l . , 1965; Crawford and 
Compston, 1970). 
The background informat ion on strat igraphy, sedimentation, structure and geochro-
nology of the area has been summarised below. 
ST-RATIG-RAVHV 
The unmetamorphosed Proterozoic clastogenic and chemogenic assemblages 
of sandstones, shales, l imestones, cherts w i th subordinate amount of basic volca-
nics deposited in an inland cratonic basin resting over the Archaean basement 
of Bhilwara Supergroup w i th f i rs t order erosional unconformity have been included 
in the Vindhyan Supergroup (see Anon, 1981; Prasad, 1981; Ramasamy, 1985). 
In Rajasthan the Vindhyan rocks represent a tota l thickness of 2,900 m (see, 
Prasad, 1981) and are divisible into lower and upper Vindhyans (Coulson, 1927; 
Heron, 1936; Prasad, 1975, 1981; Ramasamy and Sogani, 1978; Banerjee and 
Maharaja Singh, 1981). The lower Vindhyans in Rajasthan were deposited in 
a smaller basin in Chi t torgarh area while the upper Vindhyan sequence was 
deposited in a single widespread basin (see Banerjee and Maharaja Singh, 1981). 
The beginning of Vindhyan sedimentat ion is marked by a syndepositional andesitic 
volcanic ac t i v i t y in Chi t torgarh area (see Prasad, 1976). Table 1 gives a generalised 
l i thostrat igrpahy of the Vindhyan Supergroup in Rajasthan. 
The Lower Vindhyan sequences in Rajasthan belonging to Satola, Sand, Lasrawan 
and Khorip Groups can be correlated w i th the Lower Vindhyans of Son Valley 
comprising Basal, Porcel lanite Khenjua and Rohtas stages (see Auden, 1933; 
Prasad, 1975, 1976). The upper Vindhyans in Rajasthan are divisible into Kaimur, 
Rewa and Bhander groups (see Ramasamy and Sogani, 1978). Table 2 presents 
the l i thostrat igraphic correlat ion w i th the Vindhyan sequence of the type area 
in Son val ley. 
SEVIMBNTATION 
The upper Vindhyan sediments were deposited in an al ternat ing f luvio-del taic 
marine environment (see Coulson, 1927; Heron, 1936; Misra and Awasthi , 1962; 
Bhattacherjee, e t . a l . 1964; Ghosh, 1981; Ghosh, et a l . , 1981; Mathur, 1981; 
Prasad, 1981; Ramasamy, 1985). Dist inct signatures of local restr ic ted environ-
ment, shallow inter t ida l environment and high and low inter t idal marine environ-
ment and osci l latory nature of basin have been recorded f rom the sediments 
GENERALISED LITHOSTRAITIGRAPIIY OF VINDHAYAN SUPER GTOUP IN RAJASTllAN 
TABLE I 
Supe rg roup Group Format ion Th i ckn e s s . 
in m e t e r s 
L i t h o l o g y 
5 
J; 5 
z 
Bhander Upper Bhander s h a l e 
Group Upper Bhander L i m e s t o n e 
Upper Bhander s a n d s t o n e 
S i r b u S h a l e 
Lower Bhande r s a n d s t o n e 
Samr ia s h a l e 
Lower Bhander L i m e s t o n e 
Gannurgarh s h a l e 
40 P u r p l e s h a l e 
100 Lower n o n - s t r o m a t o l i t i c and 
u p p e r s t r o m a t o l i t i c 
130 O r t h o q u a r t z i t i c s a n d s t o n e 
155 S h a l e w i t h s i l t s t o n e and 
l i m e s t o n e band 
200 • O r t h o q u a r t z i t i c s a n d s t o n e 
90 S h a l e w i t h s t r o m a t o l i t i c and 
d o l o m i t i c l i m e s t o n e 
180 F i n e g r a i n e d n o n - c r y s t a l l i n e 
l i m e s t o n e 
180 P u r p l i s h s h a l e w i t h s i l t s t o n e 
u 
c 
c 
3 
Rewa 
Group 
Upper Rewa s a n d s t o n e 
J h i r i s h a l e 
Lower Rewa s a n d s t o n e 
Panna s h a l e 
60 P i t t e d f e r r u g i n e o u s s a n d s t o n e 
40 P a l e g reen p u r p l i s h s h a l e w i t h 
s i l t s t o n e and l i m e s t o n e 
10 O r t h o q u a r t z i t i c ash g r e y 
s a n d s t o n e 
20 O l i v e g reen s h a l e s 
Kaimur 
Group 
Kaimur s a n d s t o n e 
and c o n g l o m e r a t e 
100 Orthoquartzitic sandstone with 
conglomerate at the base 
Suket shale 120 Shale with siltstone and 
limestone 
Q 
2 Khor ip 
Group 
Nimbhera l i m e s t o n e 148 
Ba r i s h a l e 45 
J i r a n s a n d s t o n e and 72 
Khor imalan c o n g l o m e r a t e 
F i n e g r a i n e d n o n - c r y s t a l l i n e 
l i m e s t o n e 
P a l e g reen s h a l e s 
Conglomera te and g r i t t y 
s a n d s t o n e 
2 Lasrawan B i n o t a s h a l e w i t h 
z Group g l a u c o n i t i c s i l t s t o n e 
> i n t e r c a l a t i o n s 
IGO Olive shale with glauconitic 
siltstone bands. 
a. 
O 
Sand P a i r ! s h a l e s and 
Group P o r c e l l a n i t e , Sawa 
s a n d s t o n e w i t h 
c o n g l o m e r a t e 
Bhagwanpura l i m e s t o n e 
w i t h s t r o m a t o l i t e s and 
c o n g l o m e r a t e s 
85 
330 
G r i t s , p o l - c e l l a n i t e , s a n d s t o n e 
and c o n g - o m e r a t e 
S t r o m a t o l i t i c l i m e s t o n e 
S a l o l a K h a r d e o l a s a n d s t o n e and 
Group s h a l e 
K h a i r m a l i a a n d e s i t e and 
P y r o c l a s t i c t u f f s 
360 S h a l e s and s a n d s t o n e s 
42 t o V o l c a n o s t r a t i g r a p h i c 
115 s e q u e n c e 
- U n c o n f o r m i t y -
P r e A r a v a l l i / B a n d e d G n e i s s i c Complex 
( A f t e r Ramasamy, 1984) 
LI THOSTMITI GRAPHIC CORra::LATION OF VINDHYANS OF RAJASTHAN AND SON VELLEY 
TABLE 2 ( A f t e r P r a s a d , 1984) 
Son V a l l e y - Al le i -
.Mullet ( 1 8 6 9 ) , Auden 
( 1 9 3 3 ) , K r l s h n a n , 
( l y C 8) ' 
Son Valley (M.P.) ,After 
Rao and Neelkantam (1976) 
Rajasthan (After Coulson, 1927; B.Prasad,19M 
Gi'oup Formal ion Format ion Format ion 
Bliander 
Upper Bliander 
Sandstone 
Sirbu Shale 
Lower Bhander 
Limestone 
Bhander Limestone 
Gannurgarh Shale 
(Upper Bhander Shale )/Bhavpura Shale 
(Upper Bhander Limestone)/Balwan Limestone 
(Upper Bhander Sandstone)/Shikaoda Sandstone 
Sirbu Shale 
(Lower Bhander san dstone)/Bundi Hil l Sandstoii 
Samria Shale with s t r o m a t o l i t i c Limestone/ 
Lakheri Limestone and Gannurgarh Shale 
Rew a 
Upper Rewa Sandstone 
J h i r i Shale 
Lower Rewa Sandstone 
Panna Shale 
Govindgarh Sandstone (Upper Rewa Sandstone )/Taragarh Fort Sandsic 
J h i r i Shale 
(Lower Rewa Sandstone )/Inde rgarh Sandstone 
Panna Shale 
Kaimur 
Dhandraul Quar t z i t e 
( scarp Sandstone and 
sha le ) 
Bijaigarh Shale 
(Upper quartzite. and 
shale) 
Susnai Breccia 
(Lower q u a r t z i t e & sha le ) 
(Kaimur Sandstone) Kaimur Sandstone with conglomerate 
-(Uncon fonnity )-
(Nodular l imestone 
and sha le ) 
(Banded sha le and 
l imestone) 
(Nodular l imestone) 
(Glauconite beds) 
(Fawn Limestone) 
(Olive sha le ) 
(Porce l l an i te ) 
(Kajrahat l imestone) 
(Basal conglomerate) 
Bhagwar Shales 
Rohtas Limestone 
Rampur Shales 
Chorhat Sandstone 
Koldama Shale 
Deonar P o r c e l l a n i t e 
Kajrahat l imestone 
Basal sha l e 
Deoland Quarzi te 
Kho rip-sub gr oup 
(group) 
Lasrawan subgroup 
(group) 
Sand subgroup 
(group) 
(Suket Shale 
(Nimbhera Limestone 
(Bari Shale 
(Jiran Sandstone 
(Binota Shales 
(Kalmia Sandstone 
(Parli Shales with 
(Porcellanite 
(Sawa Sandstone with 
(conglomerate 
(Bhagwanpura Limestone 
Satola subgroup 
(group) 
(Khardeola Sandstone ui! 
(sh al es 
(Khairmalia Andesite (wj 
p y r o c l a s t i c s ) 
Un con fo rmi t y 
Bijawar, Arava l l i and Pre-Arava l l i . 
(After Prasad 1984) 
of Vindhyan Basin in Rajasthan and Son Valley (see Banerjee, 1964; Prasad 
and Ramasamy, 1980; Banerjee and Maharaja Singh, 1981; Ghosh, 1981; Ramasamy, 
et a l . , 1984). 
STTlUCTailE 
The Vindhyan Basin as a whole is characterised by Peribasinal deformation 
w i t h central part exhibi t ing mi ld deformat ion (Iqbaluddin and Mughni, 1976; 
Iqbaluddin, et a l . , 1978; Iqbaluddin, 1979). The folds are open to gentle in central 
part and exhibit progressive t ightening towards basin margin. The dips are 
gentle to subhorizontal in the centra l part of the basin and exhibit progressive 
steeping towards the periphery, acquiring moderate dips of 30° to 40°, along 
basin margin between Chi t torgarh and Bundi (see Iqbaluddin, 1964; Prasad, 
1976; Iqbaluddin, et a l . , 1978; Ramasamy, 1985). 
The Great Boundary Fault of Rajasthan was considered as normal gravity fault 
extending f rom Chi t torgarh to Machilpur over a distance of about 400 km having 
a throw of 1,500 m (see Coulson, 1927; Heron, 1936; Hacket in Pascoe, 1968). 
Prasad and Sharma (1977) have recorded a throw of about 500 m for Great 
Boundary Faul t and considered i t to be a reverse fau l t . Iqbaluddin, et a l . (1978) 
discussed the genesis of Great Boundary Fault and presented the f i rst detailed 
account of its morphology. They have considered the Great Boundary Fault 
of Rajasthan as a str ike-sl ip fau l t , evolved syntectonical ly w i th the Vindhyan 
Basin under horizontal ly directed cr-, t ra jec tory , w i th in a model of intrabasinal 
centr i fugal stress f i e ld . It is considered a Pre-Vindhyan fau l t , which got reac t i -
vated during the Vindhyan period (Iqbaluddin, et a l . , 1978; Banerjee and Sinha, 
1981; Rannasamy, 1985). Ramasamy (1985) has t r ied to explain the structural 
fabric of Vindhyan Basin w i th in a model of intrabasinal stress. Farooqui (1984) 
has conceived a protoplate tectonic model for the evolution of Great Boundary 
Fault on the basis of photogeophsical studies. 
Microl ineament analysis to interpret the stress environment in Vindhyan Basin 
was at tempted for the f i rs t t ime byAl i (1982). The techniques have been used 
w i th success in interpret ing the stress t ra jectory of Vindhyan Basin by Farooqui 
(1984), Ramasamy (1985) and Iqbaluddin and Al i (1986). 
GEOCKROWOLOGV 
The Khairmal ia Andesite which forms the basal stage of lower Vindhyan in 
Chi t torgarh area (Prasad, 1976) have given an age of 1250 M.a. (see Crawford 
and Compston, 1970). The algal structures in Bhagwanpura Limestones (Lower 
Vindhyans) suggests lower to middle Riphean age 1000-1300 M.a. (see Prasad, 
1977). The Glauconite in the Kaimur rocks of Upper Vindhyan f rom Chit torgarh 
area has been dated 940 M.a. to 910 M.a. (Tugarinov, et a l . , 1965). On the basis 
of s t romato l i te in Jhir i l imestone (Rewa Group) and Sirbu Limestone (Bhander 
Group) a more suited age of upper Riphean (600-1200 M.a.) has been suggested 
(see Prasad, 1981). Reviewing the above dates, Prasad (1981) assigned 1250 
M.a. for the base of Vindhyan and 605 M.a. for the close of Vindhyan sedimenta-
t ion in Rajasthan. 
SCOPE OF THE PRESENT WORK 
The present study was undertaken w i th a view to col late data on stratigraphy, 
l i thology, sedimentary character ist ics such as elastics textures, minerallogenic 
populat ion, bedding plane inhomogeneit ies, their internal organisation and external 
forms to interpret the tectonic regime of the basin. Besides, the structural 
fabric of the area was studied in detai l for understanding the stress environment 
and strain history of the basin in parts of Bhilwara and Chit torgarh distr icts. 
In conformi ty w i th the aims and objectives of the proposed programme, the 
geology of the Vindhyan Supergroup in parts of Chi t torgarh and Bhilwara distr icts, 
Rajasthan, was studied w i th part icular reference to structural evolution of 
Great Boundary Faul t . The area was photogeologically mapped, photogeophysical 
and model deformation studies were carr ied out, together w i th detailed laboratory 
investigations and ground t ru th co l lect ion. 
METHODOLOGY AND TECHNIQUES 
The methodology adopted for the present study comprise review of l i terature, 
conventional techniques of ground surveys, supplemented by remote sensing 
applications, laboratory investigations and model deformat ion studies. 
A -REUIEW OF LITEHATU-RE 
Review of l i terature was carr ied out to acquire the basic background knowledge 
about geology, strat igraphy, sedimentation and st ructure of the Vindhyan Basin 
and to study the model deformation techniques. Relevant l i terature needed 
at d i f ferent stages of the study was consulted at Al igarh Muslim Universi ty, 
Geological Survey of India, Western Region, Jaipur and Wadia Inst i tute of Hima-
layan Geology, Dehradun. Data were col lated for evaluation of the information 
base of Vindhyan Basin in general and Vindhyans of Rajasthan in pari tuclar. 
8 GHOUNV TuaTH 
Detailed f ie ld work was carr ied out in the area to prepare geological and struc-
tural maps taking Survey of India toposheets of 1:50,000 scale as base maps. 
Traverses were made for sampling and to col lect ground data on l i thology, 
sedimentation and s t ructure. 
(i) Sampling 
The sampling was carr ied out at regular interval of 1 km along the str ike of 
Great Boundary Fault fa l l ing in the study area. Besides, representative samples, 
of various l i thotypes were col lected f rom di f ferent s t ructura l and stratigraphic 
units in the study area. 
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(ii) Structural Elements 
The att i tudes of jo ints, faul ts and bedding plane in the area were studied in 
detail to interpret the nature of deformat ion. The basic l i thological and structural 
data on jo ints, bedding a t t i tude, fau l t , e tc . were recorded in f ie ld f rom di f ferent 
local i t ies and sub-area and plot ted on the base map. 
(iii) Sedimentary 
Sedimentary characterist ics of s t ra t i f i ca t i on , bedding plane inhomogeneities 
and their internal organisation were recorded f rom d i f ferent l i thouni ts. Lithologs 
f rom selected sectors were studied to evaluate rhythm of sedimentat ion. 
C PHOTOlNTE-RVnETATlON 
Aerial photographs on scale of 1:40,000 were interpreted in detai l to establish 
geology and geomorphology of the area. Each stereo-pair was studied careful ly 
to recognise various l i thologic and geomorphic units through convergence of 
photocharacters and geotechnical elements. Stratigraphy was established by 
concurrence and synthesis of spectral and spatial characters of l i thounits wi th 
secondary data base. The mutual relat ionship of superposition was used to evolve 
the sequence. Tracing of overlays were laid in a mosaic to transfer the details 
to prepare geological and structural maps. 
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V MODEL VEFOHMATION 
Several experiments were performed in the labotatory to simulate the stress 
environment which was responsible for the evolut ion of the structural fabric 
in Vindhyan Basin of Rajasthan. 
Layer of fresh Putty was deformed w i t h the help of a machine (see Chapter 
V for detai l) under a centr i fugal stress f ie ld (Iqbaluddin, 1981; Ramasamy, 
1985). Each stage of deformat ion during the experimental work was photographed 
to record progressive deformat ion in hor izontal ly directed o"-. t ra jectory under 
centr i fugal stress f ie ld . 
E LABOHATOHV INVESTIGATION 
Thin sections were prepared f rom the samples col lected in the f ie ld to study 
the petrography of the area. 
(i) Petrographic Studies 
Textural parameters, roundness, kurtosis, skewness, e tc . were determined through 
petrographic and s tat is t ica l measurements f rom thin section and QFL modes 
of the minerallogenic population were studied. 
Photomicrogrpahs were taken of the representat ive samples. 
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F SVN THESIS Of VAT A 
The f ie ld and laboratory data were subjected to analyt ical rigour for evolving 
geotectonic model for the genesis of the Great Boundary Fault of Rajasthan. 
The details v/ere synthesised and recorded to present geomorphology, l i tho-
strat igraphy, sedimentation and st ructura l fabr ic . The concurrence of sedimenta-
t ion , structure and l i thology w/as carr ied out to obtain a synoptic view of the 
forces which were responsible for the evolution of Great Boundary Fault and 
its accompanying fabric in Rajasthan. 
Chapter II 
GEOLOGICAL FRAMEWORK OF THE PRECAMBRIAN ROCKS AND 
VINDHYAN SEDIMENT ARIES I N THE INDIAN SHIELD 
GENERAL STATEMENT 
For understanding the tectonic evolut ion and st ructura l history of Vindhyan 
Basin, i t is necessary to have a synoptic view of the geological framev/ork 
of the Precambrian rocks in the Indian Shield which formed basement for the 
Vindhyan Basin. The Precambrian rocks of Indian Shield can be delineated into 
three dist inct geotectonic environments, namely; 
1. Archaean Metamorphites 
2. Proterozoic Fold Belts 
3. Proterozoic Cratonic Basins. 
1. ARCHAEAW METAMORPHITES 
Meta-sedimentary and meta-igneous rocks subjected to polyphase deformation 
and metamorphism occurr ing below the Eparchaean unconformity have been 
included into Archaean metamorphi tes. These have been given dif ferent nom3n-
clatures in Indian strat igraphic terminology such as Bhilwara Supergroup in 
Northwestern India, Sagrur Group in South India, Bundelkhand Granite and 
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Gneisses in Central India and Iron Ore Group and Older Metamorphites in Singh-
bhum area of eastern Indian Shield (see Auden, 1933; Sarkar, 1972; lyenger, 
1976; Murthy and Murthy, 1978). There seems to be wide variations in usage 
and terminology of the Archaean in the Indian strat igraphic nomenclature. 
The close of the Archaean at 2500 M.a. has been widely accepted (Sarkar, 
1972; Murthy and Murthy, 1978; Anon, 1981). 
A review of the Pre 2500 M.a. history of the Indian Shield brings out homo-
geneity in the pattern of geologic evolut ion. The Archaean formations of Indian 
Shield are broadly divisible into four major l i thostrat igraphic units (see Murthy 
& Mur thy, 1978) as given in Table-3. 
Table - 3 
a. Intrusives 
b. Green stone Belts 
c. Upper Amphibol i te and Lower Granul i te Facies rocks 
d. Granul i te Facies rocks. 
Granulite Facies Rocks 
The granul i te terra in includes charnokites, khondalites, m igmal i l i c gneisses, 
cord ier i te , sappharine, kornerupine bearing gneisses, u l t ramaf ic layered anorlho-
sites, etc. 
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The rock of granul i te facies have been recorded f rom the Eastern Ghats, Western 
Ghats, Shillong Plateau, Ranchi, Rajasthan, Andhra Pradesh, Tami l Nadu, Grissa, 
etc. 
Upper Amphibolite and Lower Granulite Facies Rocks 
Some high grade metamorphites which were earl ier considered as part of Dharwar 
System (Foote, 1886, Smeeth, 1916? Rama Rao,1936) in Southern Indian Shield 
and the Araval l i Series in Northwestern Indian Shield (Heron, 1953) are now 
recognised as older strat igraphic elements referrable to Sagrur Group in the 
Southern Indian Shield and Bhi lwara Supergroup in Rajasthan (see lyenger, 
1976). Metasediments, coeval to upper Amphibol i te and lower granulite facies 
rocks of Archaeans have been recognised f rom Andhra and Karnataka Cratons 
(Rama Krishnan, et a l . , 1976; Radha Krishna and Vasudev, 1977). 
Greenstone Beits 
The greenstone belts have been recognised f rom Archaean terrains comprising 
lower u l t ramaf ics and basic volcanic sequence and an upper clastic sedimentary 
group, capped w i th chemogenic iron format ions and cherts. These greenstone 
belts have been recognised f rom the Karnataka craton, Andhra Pradesh, Tamil 
Nadu, Rajasthan, Bihar-Orissa region, e tc . (Murthy and Murthy, 1978). Geochro-
nologically they have been considered as Archaeans (Sarkar, ^^7'^) Hiit recent 
dates tend to place them in younger proterozoic sequence (see Crawford, 1969). 
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Intrusives 
Discordant intrusives having diverse l i thologies recorded f rom the Archaean 
terrains have been dated Pre 2500 M.a. (see Crawford , 1969). 
A review of the above suggest that the Indian Shield during the Archaean under-
went granul i te facies metamorphism which resulted in increase in the density 
of crustal rocks possibly by addit ion of garnet (see Press, 1973; Hales, Helsiey 
Nat ion, 1970; Bi rch, 1970) during the Archaean (Iqbaluddin, 1981). 
VHOTEnOZOlC FOLD BELTS 
Proterozoic sedimentation took place in the Indian Shield over the Archaean 
basement along narrow elongated mobile belts and in large inland basins. 
The Proterozoic sediments deposited in the mobile belts exhibit homogeneity 
in their geotectonic evolut ion. The basal sequences are characterised by shore 
line volcanism fol lowed by f inely laminated rhythmites simulat ing distal flysch 
type shales. Towards the top of the sequence occasionally chemogenic environ-
ment predominates resulting in the dsposition of chert , carbonates and iron 
format ion, etc. (Windely, 1973; Murthy and Murthy, 1978; Mathur, et a l . , in 
press). 
The Proterozoic sedimentation in the Indian Shield is represented by Dharwar 
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in South, Araval l i in the west, Bi jawar and Gwaiior groups in Son valley,^ Singh-
bhum and Dhanjori groups in Singhbhum area, Amagaon Group in Madhya Pradesh 
and Shillong Group in Assam Plateau. Table-4 represents the generalized l i tho-
logies and their temporal corre lat ion of the mobile fold belts in the dif ferent 
parts of Indian Shield. 
RESUME OF VnE-UlNVHVAN GEOLOGV OF INVIAN SHIELV 
It w i l l appear f rom the review of the Proterozoic Fold belts that thickness 
of about 30 km was deposited in the Proterozoic geosynclines which spatially 
const i tute about 25% of the shield area. The Archean crust must have been 
eroded to provide elastics for the f i l l i ng of Proterozoic mobile belts of Arava l l i , 
Dharwar, Delh i , Bi jawar, Gwai ior, Dhanjor i , Singhbhum, etc. Thus the crustal 
thinning of the Archaean craton (of 4-5 km) would have taken place. These 
eroded areas of the Archaean (positive tectonic) topography became the sites 
for the proterozoic inland basin of Vindhyan, Cdddapah, Kurnool, Kaladgi, 
Bhima, etc. during late Proterozoic t imes. A character ist ic feature of these 
basins is that they rest over the basement which is older than 2500 M.a. 
EVOLUTION or CHATONIC BASINS VU1UNG PROTEROZOIC TIME 
The cralonic basins have variable history through space and l ime . The genesis 
of Cralonic basins has remained a subject of debate. Some of the cratonic 
basin are thought to be located over the axis of ancient r i f t systems (see McGinls, 
GENERAI.ISED LITOO-STHATI GRAPllI C CXDIUUCL ATION OF TIK PRECAMBRIAJJS OF THE INDIAN SHIELD 
TA13LE 
:>uijasthan Si Gujarat Son Val ley Singhbhum S h i l l o n g South Indian Sh ie ld Madhya Pradesh and Maharashtra 
Uelhi Supergroup Gua l io r Group Dhanjori GrouiD G. R . H a l l i - R a n i b a m u r Amgaon Group 
2 000 m.y. to 
1200 m.y. 
Conglomerate, 
l u a r t z i t e , s c h i s t s , 
o h y l l i t e s , b a s i c 
:lov,s, t u f f s , vo 1 ca-
ll Ic'l as t s , s y n t e c -
ronic g r a n i t e 
aeOO m.y. ) l a t e -
l e c t o n i c g r a n i t e 
,1228 m . y . ) 
: l t r a b a s i c s and 
sven i t e s . 
S h a l e s , p h y l l i t e s 
q u a r t ^ i t e and 
b a s i c flowi 
(1695 m . y . ) and 
t.ff;^ (?) 
Vindhy an 
1.4 m.y. 
Q u a r t z i t e , c o n g l o -
merato s c h i s t s , 
b a s i c flows(16u0 
m.y. to 1700 w . y . ) 
syn t ec ton ic 
g r a n i t e and 
g n e i s s e s and 
l a t e t e c t o n i c 
g r a n i t e ( 1 2 0 0 m . y . ) 
of Uayur-'bhanj 
gabroanor thos i te 
and ultrami-f f i c s 
Group (2000-1400 m.y , ) 
"Stlromatoli te age) 
Graywacke, p h y l l i t e s 
wi th i n t e r c a l a t e d 
l imes tone and bedded 
f e r r u g i n e o u s c h e r t s . 
Cuddapah 
1.4 m.y. 
(1730 m.y. t c 
1444 m.y . ) 
Quartz s e r i c i t e sch i s t 
f e l s p a t h i c q u a r t z i t e 
garnet e p i d o t e q u a r t z i t e 
h o m b l e n d e - b i o t i t e -
q u a r t z i t e , hornblende 
s c h i s t and" amph ibo l i t e . 
A r a v a l l i Sugergroug Bijawar Group Singhbhum Group Sh i l l ong Group V a n i v i l a s Group 
(2500 m.y. to 
2000 m . y . ) 
Q u a r t z i t e , cong-
lomerate ( o l i g o -
n i c t ) , c h l o r i t e 
p h y l l i t e s c h i s t , 
rp.igmatite, u l t r a -
b a s i c s , b a s i c s and 
a n d e s i t i c f lows, 
g r a n i t e ( 2 , 2 7 5 m.y. ) 
metasubgraywacke, 
iTietapro to q u a r t z i t e , 
m e t a s i l t s t o n e 
;ind quartz a r e n i t e . 
Synsediraenta-
t i o n a l me tavo l -
c a n i c s , t u f f s 
b a s i c flows 
(2460-2515 m . y . ) 
metagraywackes, 
p h y l l i t e s h a l e s , 
s l a t e s , s c h i s t , 
g n e i s s e s migma-
t l t e and 
synoro genie 
g r a n i t e (Dudhi 
g r a n i t e ) 
Mica s c h i s t s , 
q u a r t z a r e n i t e s , 
hornbl ende 
s c h i s t (Sa rka r S: 
Saha 1977) a s s i g n -
age 2000 to 
1700 m . y . ) 
Weekly metamor-
phosed conglome-
r a t e a r e n i t e s , 
s i l t s t o / i e and 
sha le rhythm 
bas i c s i l l s and 
dykes of post 
t e c t o n i c g r a n i t e , 
Khasi g r e e n s t o n e s . 
Conglomerates , q u a r t -
z i t e , s e r i c i t e s c h i s t s , 
marble , d o l o m i t e , 
p h y l l i t e , mangani-
f e rous and f e r r u g i n o u s 
p h y l l i t e , banded 
hema t i t e q u a r z i t e , 
m e t a b a s a l t s , quar tzs , 
p rophyry , u l t r a b a s i c s , 
g r a n i t e and g n e i s s e s . 
Rajpura-Dar iba . 
I ^ r - b a n e r a . J a h a s -
pur , Zdwar Groups' 
Cher t s , banded 
magne t i t e q u a r t -
z i t e , do lomi t e s , 
carbon p h y l l i t e s 
and l aye red s u l -
ph ides of Fe.Cu, 
Pb & 2ii. wi th 
s u b o r d i n a t e s c h i s t s 
and a m p h i b i l l t e s . 
Late k inemat i c 
g r a n i t e 
2585 m.y. 
^hj iwara Super group 
U i g m a t i t e , g n e i s s e s , 
s c h i s t s , g r a n u l i t e s , 
p h y l l i t e , v o l c a n i c 
a c i d , b a s i c and 
u l t r a b a s i c i n t r u c i v e s . 
Bundelkhand Gran i te 
(2555 m.y . ) and 
g n e i s s e s . 
-Unconformity-
I ron .ore group 
P h y l l i t e , s c h i s t s , 
a c t i n o l i t e s c h i s t , 
g a r n e t i f e r o u s 
s c h i s t , Banded 
Hematite q u a r t -
z i t e . Bedded che r t 
i n t r u d e d by s i n g h -
bhum g r a n i t e . 
Older Metatnorphlc 
Group 
Gneiss(3200 m . y . ) 
hornblende s c h i s t 
and amphibo l i t e 
most ly g r a n i t i s e d . 
G n e i s s i c complex 
(Gneiss seriesT?") 
Gran i t e g n e i s s , 
Augen g n e i s s , 
Amphibol i tes , 
•migmatic and 
syn t o l a t e 
k i n a m a t i c 
g r a n i t e . 
-Uncon fo rm! ty -
Bababudan Group 
Q u a r t z i t e , meta-
b a s a l t , c h l o r i t e 
p h y l l i t e s , banded 
h e m a t i t e , q u a r t -
z i t e fe r rugeneous 
p h y l l i t e , u l t r a -
b a s i c , g r a n i t e and 
g e n i s s and 
d o l r i r i t e dykes . 
ph&TWar Supergroup 
K i l g i r i Group 
E n d e r b i t e s , charno-
k i t e s , l e p t y n i t e s 
and n o r i t e s . 
—un con f o rmit y— 
(Mercara Group) 
tJagrur Group 
b i e t i t e - k y a n i t e 
s c h i s t , g r a n i t e 
g h e i s s 
197D; Haxby, et a l . , 1976; Burke, 1976; Da lon j i , 1981; De R i to , el a l . , 1983). 
However, Bott and Mithen (1983) were of the opinion that the plate boundary 
forces may have an important role in r i f t ing in earl ier t imes, part icular ly at 
periods in geological t ime when subduction was reported on opposite side of 
large continents such as Pangea during Mesozoic t ime result ing in tensile f ie ld 
in the continental crust. On smaller scale local tensile stresses associated 
w i th bands in t ransform faults may fo rm 'Pul l -apar t ' basins by wedge subsidence 
or by stretching. (Fig. 2). 
Turcot te , et a l . (1977) have advocated a model of broken lithosphere subjected 
to ver t ica l upl i f t and subsequent erosion for the cratonic basins (Fig. 3). 
Proterozoic cratonic basins in the shield areas of the world does not conf i rm 
to the classic concepts of r i f t ing or the l i thospheric f rac tur ing . In the context 
of present study, a petro-tectonic model of l i thospheric arching due to astheno-
spheric diaperism (during the Archaean) fo l lowed by l i thospheric thinning due 
to erosion (in Lower Proterozoic) and subsidence in response to phase trans-
format ion (in Upper Proterozoic) has been advocated as a possible mechanism 
for the evolution of Proterozoic Cratonic basins (see Iqbaluddin, 1981). 
EUOLUiTlON OF UWVHVAN BASIN IN THE INVIAN SHIELV 
The development of Proterozoic Cratonic Basin has been discussed by Iqbaluddin 
(1981). He records that true morphogeny as seen in younger geotectonic cycles 
was lacking during the Precambrian geological cycles. It was rudimentary and 
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relief was generated through diaperism of asthenospheric/upper mantle mater ia l 
into the crust. In the Indian Shield positive tectonic topography was generated 
during the Archaen (3000 M.a.). Perhaps this was control led by the asthenospheric 
diaperism, which led to lithospheric arching, resulting in rudimentary morphogeny 
in areas which now f rom the site of the Vindhyan Basin. 
Diaperism of the higher density asthenospheric, mater ia l into l ighter density 
l ithosphere, cal l for explanation. Recent work on gravi tat ional instabi l i ty of 
the lithosphere (Hales, Helsley and Nat ion, 1970; : Bi rch, 1970; Press, 1973 ) 
has led to the concept the lithosphere becomes more dense than asthenosphere 
due to density inversion. The density inversion is possibly achieved by appearance 
of garnet in l ithosphere. The development of garnet in the lithosphere increases 
its density; this density inversion of the lithosphere ini t iates diaperic upward 
raise of asthenosphere. The loci of the asthenospheric diaperism are points/zones 
where the lithosphere is weakest. Such zones are preferably below the crustal 
f ractures. 
In the Indian Shield density inversion of the lithosphere took place during the 
Archaean when granuli te belts of Sagrur Group in southern part and Sanda 
Mata Complex in northwestern part of Indian Shield were formed. These are 
characterised by addit ion of garnet in lithosphere around 3000 M.a. The study 
of the Precambrian supracrustals in northwestern part of the Indian Shield 
by Murthy (in press) has revealed that the rel ief was generated in the craton 
around around (2500 M.a.). Roughly coinciding w i th the emplacement of Berach 
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Granite in Rajasthan and coeval granites in Bundelkhand and South India. Peniaps 
this was control led by asthenospheric diaperism which led to lithospheric arching, 
resulting in development of posit ive tectonic topography in area which now 
form the site of the Vindhyan Basin in Indian Shield. 
The posit ive tectonic topography generated during the Archaean supplied al lo-
genic elastics to the Proterozoic geosynclines (Araval l i , Delhi and Bijawars) 
f rom (2500 M.a.) onwards. This erosion led to thinning of lithosphere along 
crestal zone of the lithospheric arch (Fig. 4). 
The disperism has been cycl ic and episodic in earth's history. The cooling of 
the obducted asthenosphere and d i f ferent ia t ion led to density equi l ibr ium (between 
asthenosphere and lithosphere) and consequently to subsidence of asthenospheric 
diaper at density nul l . 
The subsidence of the l ithospheric arch resulted in the development of negative 
tectonic topography in the cratonic regime, which becomes site of the Vindhyan 
Basin. The depth of the basin was in i t ia l ly euqal to the eroded thickness of 
the lithosphere. If H represents the original thickness of the lithosphere and 
h is the depth of erosion, then the depth of the basin wi l l he 'h ' and lithospheric 
thickness in the basin zone w i l l be H-h. Thus below the cratonic basins l i tho-
spheric thinning has taken place in the Indian Shield (see Iqbaluddin, 1981). 
K. 
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VINDHYAN BASIN 
Vindhyan Basin covering an area of about 70,000 sq. I<m occurs as an arcuate 
basin (Fig. 1). The l imi ts of Vindhyan Basin have been defined by major crustai 
grains of Son-Narmada lineament in the south and Great Boundary Fault in 
the Nor th . The western margin of the basin has been obscured by the cover 
of Deccan Trap volcanics. The Bundelkhand massif occurring as Premonitory, 
l imi ts the Vindhyan sedimentation in the east. 
The Vindhyan sedimentation has been studied in detai l in the Son val ley, U.P.; 
Narbada val ley, M.P. and Chambal val ley, Rajasthan» The cont inuity of Vindhyan 
sedimentaries f rom Son valley in U.P. to Chambal valley in Rajasthan has 
been punctuated by younger covers of Deccan volcanics and Quaternary Al luv ium, 
but there is growing evidence that Vindhyans extend as a continuous sequence 
f rom Sasaram in the east through Son valley in U.P. and M.P. to Rajasthan 
in the west where the sedimentary sequence abuts against Bhi lwara metamorphics 
of Archaean age. The boundary between the Proterozoic terrigeneous elastics 
and the Archaean metamorphites has been mapped as tectonic element designated 
as Great Boundary Fault of Rajputana (see Heron^ 1917, 1922; Pasco e, 1968; 
Prasad, 1977; Iqbaluddin, et a l . , 1978). 
STRATIGRAPHY OF VINDHYAN SUPERGROUP - REGIONAL PERSPECTIVE 
The supracrustals comprising terrigenous elastics of Vindhyachal region of 
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Central India were assigned to the Vindhyan System by Oldham (1856). The 
stratigraphy of these Proterozoic sedimentaries was studied in the Son valley 
of U.P. which forms type area of the Vindhyan system (see Mal le t , 1869; Coulson, 
1927; Heron, 1922; 1936; Auden, 1933; Prasad, 1975). Heron (1936) extended 
the nomenclature of the type area to the Vindhyans of Rajasthan. Table 2 
presents the l i thostrat igraphy of Vindhyan Supergroup as proposed for the type 
area of Son valley and Rajasthan (Auden, 1933; Heron, 1936; Prasad, 1975). 
In Rahasthan the Vindhyan Supergroup comprises a repet i t ive sequence of cal -
careous, arenaceous and argil laceous suite of rocks which are 2,900 m thick 
(see, Prasad, 1981). It is broadly classif ied into lower and upper Vindhyans. 
Semri Group const i tute the lower Vindhyan while Kaimur, Rewa and Bhander 
groups have been included under upper Vindhyan (see Mal le t , 1869; Coulson, 
1927; Auden, 1933; Ramasamy and Sogani, 1978; Prasad, 1981; Banerjee and 
Maharaja Singh, 1981). Prasad (1975) has reclassified the lower Vindhyans of 
Rajasthan into Satola, Sand, Lasrawan and Khorip groups. Table 5 presents 
the l i thostrat igraphy of the Vindhyan Supergroup in the study area. 
ENVIRONMENT OF V INDHYAN SEDIMENTATION 
The Vindhyan sedimentaries were deposited in an al ternat ing f luvio-deltaic 
marine environment (Coulson, 1927; Auden, 1933; Banerjee, 1964; Ramasamy 
and Sogani, 1978; Prasad, 1981). Heron, (1936); Prasad and Ramasamy, (1980); 
Prasad, (1981); Banerjee and Maharaja Singh, (1981); and Mathur, (1981) have 
GENERALISED LITHOSTRAITIGRAPHY OF VINDHYAN SUPERGROUP IN STUDY AREA 
TABLE 5 
Group F o r m a t i o n 
§ 
o 
w 
& 
CO 
Bhander group 
Upper Vindhyan Rewa group 
Bundi Hill Sandstone 
Formation 
Samria Shale Fonnation 
Lakher i Limestone Formation 
Gammurgarh Shale Formation 
Govindgarh Sandstone 
Fo rmat ion 
J h i r i Shale Formation 
Indergarh Sandstone 
Format ion 
Panna Shale Formation 
Q 
Kaimur group Akoda Mahadev Sandstone Formation 
Lower Vindhyan Khorip group Suket Shale Formation 
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suggested stable shelf environemni and local restr ic ted condit ions during Vindhyan 
sedimentat ion. Singh (1980) has suggested t ida l environemnt for the Bijaigarh 
shale of Vindhyans in Son val ley. 
STRUCTIXHAL ANV TECTONIC FT^AMEWOTJK OF THE VINVH^AN BASIN 
Structural ly the Vindhyan rocks are characterised by peribasinal deformation 
w i th central part exhibit ing l i t t l e or no deformat ion. The basin exhibit folding 
and steep dips towards the peripheral region in Son val ley, U.P.; Rajasthan 
and Madhya Pradesh (see Choubey, 1971; Iqbaluddin and Mughni, 1976; Srivastava 
and Iqbaluddin, 1981; Iqbaluddin, et a l . , 1978). 
In the axial zone of the basin tensile stress regime prevailed during the structural 
evolution of Vindhyan Supergroup. The stress is manifested as tensile fractures 
which are ubiquitous and morphotectonical ly expressed as microlineaments 
(see Ramasamy, 1985). 
The tectonic framework of Vindhyan Basin has been control led by four major 
crustal grains which have been mantle lapping endogenic f ractures. For the 
purpose of description these have been designated as Son-Narbada lineament, 
Asmara l ineament, Jhalawar lineament and Great Boundary Faul t . Their exogenic 
expression has been discussed in br ief . 
24 
MAJOR LINEAMENTS 
The structural fabric of Vindhyan basin is morphotectonical ly control led by 
four l ineaments (see Ramasamy, 1985) namely, 
1 . Son-Narbada Lineament 
2. Asmara Lineament 
3. Jhalawar Lineament 
4. Great Boundary Fault 
Son-Narbada Lineament 
The southern most boundary of Vindhyan basin is characterised by a rect i l inear 
lineament known as Son-Narmada Lineament. This ENE-WSW trending lineament 
can be delineated into three major sectors viz-, Narmada, Central and Son 
Sectors (see Iqbaluddin, 1976). The exogenic expressians of this endogenic 
grain can be summarised as fol lows. 
The Son-Narmada Lineament which brought the Vindhyan sedimentaries against 
the pre-Vindhyan meta-sedimenls in south is characterised by Peribasinal de-
format ion. The folds developed in the area show paral lel ism w i th ENE-WSW 
trend of this l ineament. The folds exhibit progressive t ightening f rom centre 
to the periphery of the basin. Intense and in t r icate shearing and fault ing is 
noticed at Hirapur and a k i lometer NE of B i t l i in Narsinghpur (see Choubey, 
1971) in the Vindhyans along Son-Narmada Lineament. Presence of Jungel 
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volcanics and u l t ramaf ic plugs indicate mantle connection of the lineament 
in Son sector. The stress concentrat ion along the lineament hat led to steepening 
of dips which become ver t ica l in the Son valley, Mirzapur (see Iqbaluddin and 
Mughni, 1976; Srivastava and Iqbaluddin, 1981). j^^ al luvial t ract of Narmada 
is bounded by normal faul ts on north and south, w/here fault planes dips steeply 
tow/ards Narmada valley at high angles of 65°-70° v\^hich exogenically manifest 
the Quaternary react ivat ion of this Proterozoic grain. 
Asmara Lineament 
The second major lineament which is control l ing the morphology of Vindhyan 
Basin is the ENE-WSW trending Asmara Lineament which brings the Vindhyan 
sequence of Son valley against the BundelkhSnd massif in the northern sector. 
It passes through Allahabad, Uj ja in and beyond in westerly d i rect ion. Local 
rel ief displacement in Deccan traps are the exogenic manifestat ion of this 
l ineament. 
Jhalawar Lineament 
It is a subparallel ENE-WSW trending l inealement. It can be imJDersistantly 
traced in Landsat imagery which could possibly the Southern margin of the 
Southwesterly hurried ridge as posulated by Ghosh (1981). In the Western Madhya 
Pradesh it passes through Uj jain below the Deccan traps and cuts the Vindhyan 
sedimentataries in Eastern Rajaslhan. 
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Great Boundary Fault 
The northwestern margin of Vindhyan Basin is characterised by a major fault 
extending f rom Chit torgarh in Nor th to Machilpur in South, for over a distance 
of about 400 km in Eastnortheast-Westsouthwest d i rect ion. This faul t is popularly 
known as Great Boundary Fault of Rajasthan (see Heron, 1917; Prasad, 975, 
1977; Iqbaluddin, et a l . , 1978). 
In Rajasthan the Northern l im i t of the Vindhyan Basin is morphotectonical ly 
expressed as Great Boundary Faul t . Its exogenic manifestations are intense 
f ractur ing along the fault plane, development of slickensides and fault breccia, 
myloni t isat ion, ferruginisation and dislocation along f ractures. The dip of the 
faul t plane varies f rom moderate to steep. 
The Great Boundary Fault was earl ier considered as a single fau l t . According 
to recent work, its str ike cont inui ty is punctuated by several le f t lateral and 
r ight lateral wrench faults (see Iqbaluddin, et a l . , 1978). There are variable 
estimates for the throw of the Great Boundary Faul t . Coulson (1927) and Heron 
(1936) have postulated a throw of about 1500 m, while Prasad and Sharma (1977) 
worked out a throw of about 500 m, considering the thinning of formations 
towards basin margins and uneveness of basin f loor . 
Chapter III 
GEOLOGY OF VINDHYAN SUPERGROUP BETWEEN MANDALGARH 
AND BASSI, BHILWARA AND CHITTORGARH DISTRICTS, RAJASTHAN 
GENERAL STATEMENT 
The unmetamorphosed terrigeneous elastics and associated chemogenic sediments 
occurring w i th f i rs t order unconformity over the Archaean basement exhibit ing 
mi ld peribasinal deformation have been mapped as Vindhyan Supergroup. For 
the purpose of mapping on the basis of l i thostrat igraphy and depositional environ-
ments the sequence has been divided into Lower and Upper Vindhyans. In Rajasthan 
Vindhyan rocks abut against the Pre-Vindhyan metasediments. The tectonic 
line which separates the Vindhyans f rom the pre-Vindhyan has been referred 
as Great Boundary Fault in Rajasthan. Strat igraphical ly the rocks of the study 
area comprise both Lower and Upper Vindhyan sequence. The Lower Vindhyan 
sequence is feebly developed in the area, comprising argi l l i tes referrable to 
Suket Shale of the Khorip Group. The Upper Vindhyan sequence is forceful ly 
developed and presents representative sections of Kaimur, Rewa and Bhander 
groups. The chapter presents the l i thological details of the units mapped in 
the study area. 
STRATIGRAPHY OF VINDHYAN SUPERGROUP IN STUDY AREA 
The strat igraphy of the area was worked out by taking traverses and building 
representative sections along traverse lines. The l i thocharacters^ were transferred 
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to stereomodels and extrapolated through photointerpretat ion techniques. Outcrop 
and str ike mapping of the i i thounits in the study area was achieved through 
photointerpretat ion techniques. Local relationship of superposit ion, str ike continuity 
and l i thological homogeneity were used as guides to bui l t stratigraphy of the 
area. F ig . 5 presents spatial distr ibut ion of the I i thounits and Table 5 gives 
the strat igraphic sequence of the format ional un i ts . 
L ITHOLOGICAL CHARACTERS ; 
LOWER VINDHYAN ROCKS 
The Lower Vindhyan rocks in Rajasthan are referrable to four groups namely 
Satola, Sand, Lasrawan and Khorip. The lower Vindhyan sequence in Rajasthan 
represents nearly equal proport ion of argil laceous, arenaceous and calcareous 
sediments. 
In the study area the Lower Vindhyans are represented by Khorip Group (see 
Prasad, 1984). 
KHonip cnoap 
Prasad (1984) assigned the conglomerate, sandstone shale sequence exposed 
in the Khorimalan syncline of Rajasthan as Khorip Group af ter the village Khorip 
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where magnif ic iant development of petromic conglomerate has been recorded 
defining the base of the sequence. The Khorip Group comprise the fol lowing 
l i thouni ts . 
Table 6 
KHORIP GROUP 
Formations 
Suket Shale 
Jhalarapatan Sandstone 
Kotastone (Limestone) 
Nimbhera Limestone 
Bari Shale 
Jiran Sandstone 
Khorimalan Conglomerate 
Thickness in (mt) 
120 
30 
60 
148 
45 
60 
120 
In the study area the Khorip Group is represented by Suket Shale. 
Skuket Shale Formation 
In the study area the Suket Shale has been recorded f rom Bassi to north of 
Gopalpura, over a distance of 21 km. Being soft and crumbling their outcrop 
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density is low, exposures are seen in cutt ings and on the escarpment faces of 
the fau l t - l ine scarp over looking the Berach valley in the study area. Excellent 
exposures of Suket Shale were recorded f rom the quarry face North of Bassi 
For t . 
The shales are dull green to pink in colour. They are f ine clayey shales locally 
sandy towards the top. The shales are wel l jo inted. The joints being close spaced 
such as near Bassi where the break into pencil shales. A t places pyr i te crystals 
have been observed in the shales. Bedding is wel l developed, i t is characterised 
by un i formi ty in thickness and lateral persistance, unit of s t ra t i f i ca t ion varies 
f rom 1 mm to 10 cm . Generally the shales do not show bedding plane inhomo-
geneities but occasionally where arenaceous beds are intercalated w i th the 
shales, osci l lat ion r iple marks have been recorded. The shales have developed 
f iss i l i ty along bedding but the f issi l i ty plane are spaced 10-25 cm apart which 
give good blocks, which are locally used as building mate r ia l . 
The Suket Shale is conformably overlain by the Akoda Mahadev Sandstone. 
The contact between Suket Shale and Akoda Mahadev Sandstone is wel l exposed 
in Bassi area. The contact between the Akoda Mahadev Sandstone (upper Vindhyan) 
and the Khorip Group (Lower Vindhyan) is so gradational that the terms Lower 
Vindhyan and Upper Vindhyans appears to be unjust i f ied in strat igraphic nomencla-
ture of the present area. However, the division has been retained for descriptive 
purposes in the study area as i t is so in t r icate ly interwooven in the stratigraphic 
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terminology of the Vindhyan Supergroup that i t is not desirable to shatter the 
terminological nomenclature. 
UPPER VINDHYAN ROCKS 
The rocks of Vindhyan Supergroup are divisible in the type area of Son valley 
into Lower Vindhyan and Upper Vindhyan. In Rajasthan the informal names 
have lost their meanings as the so cal led unconformity between Kaimur and 
Semri groups is not discernable in Rajasthan. However, for the purpose of descri-
pt ion the informal grouping of Kaimur, Rewa and Bhander Groups in Upper 
Vindhyan has been retained. 
KAmun GROUP 
An assemblage of sandstone, shales, f lagstone and porcel lanite overlying the 
Semri Group in the Son Valley has been designated as the Kaimur Group in 
the Indian strat igraphic nomenclature (Sastry and Moi t ra , 1984). 
Table 7 represents the strat igraphic superposition of the format ionai units 
of the Kaimur Group in Rajasthan. 
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Table 7 
KAIMUR GROUP 
Formation Thickness in (mt) 
Akoda Mahadev (Kaimur Sandstone) 100 
Badanpur Conglomerate 
(In Bundi-Indergarh area) 8-10 
Chi t tor Fort (Kaimur Sandstone) 
(In Chi t tor-Jhalrapatan area) 20-70 
In Rajasthan the classic sequence of Son Valley is not discernable. In the study 
area the group is represented by sandstone horizon w i th lent icular conglomerate 
horizons towards base. The sandstone forming plateau and table lands has been 
mapped as Akoda Mahadev Sandstone. Prasad (1984) has described the Kaimur 
Sandstone (Heron, 1936; Iqubaluddin, 1964) as Chi t torgarh For t Sandstone and 
Akoda Mahadev Sandstone format ions. 
Akoda Mahadev Sandstone Formation : 
Sandstone occurs as a more or less continuous horizon in the area f rom Bassi 
to South of Bi lor. It occurs as an inl ier in the Mahudi Mahadev Reserve Forest 
West of Bichor where Akoda Mahadev Sandstone has been thrusted over younger 
formations of Rewa and Bhander groups. In the eastern part of the area the 
Akoda Mahadev Sandstone terminates w i th a structural closure in Gowta Ant ic l ince. 
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Li thological ly the Akoda Mahadev Sandstone format ion comprise pebbly sandstone, 
or thoquartz i te w i th intercalations of shales which are locally ferrugineous. 
Outl iers of pebbly sandstone have been recorded f rom Bassi and Palka villages 
where the sandstone rest over the eroded and peniplain basement of Berach 
Granite w i th a f i rs t order unconformi ty. The framework of pebbly sandstone 
is disrupted, the phenoclasts comprise quartz and feldspar measuring 5 mm 
to 2 cm. The pebbles are wel l rounded and generally equant in shape. The feldspar 
pebbles are subrounded to subangular. The sandstone is coarse grained comprising 
quartz and feldspar grains cemented w i th s i l ica, local ly ferrugineous material 
is also present in the cement which at places imparts rusty brown colour to 
the sandstone horizon. 
The Akoda Mahadev Sandstone towards the top of the sequence is medium to 
f ine grained, wel l sorted and approximates or thoquar t iz i te . It is grey in colour, 
wel l bedded, unit of s t ra t i f i ca t ion varies f rom 1 cm . to 8 cm. The beds exhibit 
internal organisation manifested as trough type cross-st rat i f icat ion. Locally 
bedding plane inhomogeneities have also been recorded e.g. near Rajgarh, where 
rain pr ints, r ipple marks, str iat ion casts , e tc . are present. 
The shale occurs as interbeds wi th in Akoda Mahadev Sandstone, locally i t is 
ferrugineous. The shales are thinly laminated, the bedding is 1 mm to 2 mm 
and is characterised by uni formi ty in thickness and lateral persistance. 
The Akoda Mahadev Sanstone exhibit conformable contact w i th the underlying 
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Suket Shale. Its discordance is discernible f rom the transgressive nature of 
base of Akoda Mahadev Sandstone fornnation, which rest w i th an erosional • 
unconformity over the Berach Grani te. The superface of Akoda Mahadev Sandstone 
format ion exhibit conformable contact w i th the overlying Jhir i Shale of Rewa 
Group. 
REWA GROUP 
An al ternat ing sequence of shale and sandstone overlying the Akoda Mahadev 
Sandstone of the Kaimur Group has been assigned to Rewa Group named after 
the Rewa d is t r ic t in Madhya Pradesh where most instruct ive and i l lustrat ive 
section of the clastogenic assemblage are exposed. The sequence is dominantly 
s i l ic ic last ic w i th subordinate development of the dolomit ic l imestone towards 
the base. Table 8 presents the strat igraphic superposition of Rewa Group in 
Rajasthan. 
Table 8 
Formations Thickness in (mt.) 
REWA GROUP 
Govindgarh (upper Rewa) Sandstone 
Jhir i Shale 
Indergarh (Lower Rewa) Sandstone 
Panna Shale w i th limestone 
in upper part 
15-75 
5-10 
4-120 
10-60 
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In the study area the Rewa Group is represented by Panna and Jhir i Shales 
and Govindgarh Sandstone Format ion. 
Panna and Jhiri Shales Formation : 
In the Parsoli-Bichor syncline and Gowta ant icl ine a thick sequence of shale 
overlies the Akoda Mahadev Sandstone of Kaimur Group and is overlain by 
Govindgarh Sandstone of Rew/a Group. The shale beds in the area in t ime s t ra t i -
graphy represent the sequence coeval to Panna Shale, Indergarh Sandstone 
and Jhir i Shale of the type area (see Prasad, 1984). Since there is no break 
in sedimantational history between the Akoda Mahadev Sandstone (Kaimur 
Group) and Govindgarh Sandstone (Rewa Group) in the present study, the f iner 
elastics together w i th subordinate arenaceous intercalat ions have been described 
col lect ively as Panna and Jhir i shales (see Iqbaluddin, 1964). 
The Panna and Jhir i shales have low outcrop density and generally give rise 
to broad f la t valleys, embrassed by the Govindgarh Sandstone and Akoda Mahadev 
Sandstone ridges. The exposures are seen in the h i l l slopes and occasionally 
in the Nala (drainage) cutt ings. The horizon generally occur as subcrops in 
the wel l sections. It has been traced f rom Barundni to West of Mahesran in 
the Parsoli-Bichor syncline and f rom Sigoli to Gowta in the Sigoli Reserve 
Forest Area. 
These shales are reddish to purple in colour. Local ly weathered outcrops have 
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pale yellow ochreous look. Fresh exposures are green in colour. The shales 
are very fine grained and at places are spl intry and approximate slates. Intercala-
t ion of sandstones 10-20 cm thick are seen locally in the shale horizon, e.g. 
along the Rajgarh-Parsoli Road near the proposed site of Rajgarh Railway 
stat ion. The shales exhibit wel l developed s t ra t i f i ca t ion . Uni t of bedding varies 
f rom 2 mm to about 1 cm . The bedding is characterised by internal homogeneity 
and lateral persistance, exhibi t ing low to negligible lent icu lar i ty index. Individual 
beds can be traced upto 100 meters along the s t r ike . Panna and Jhir i shales 
are locally ferrugineous especially in the Barundni area. 
Govindgarh Sandstone Formation : 
The Arenaceous facies of Rewa Group is represented by upper Rewa Sandstone 
in the study area. In the strat igraphic nomenclature of Rajasthan, this sandstone 
have been described as Govindgarh Sandstone af ter Govindgarh where the type 
section is exposed (see Rao and Neelkantam, 1978). It occurs as an outl ier 
south of parsoli-Bichor syncline where i t forms a contigeous outcrop in Begun 
and Bhainsorgarh area. Inliers of Govindgarh Sandstone have been mapped in 
the Gowta ant ic l ine. In the study area the Govindgarh Sandstone defines the 
main geomorphic archi tecture of the Vindhyan plateau Southeast of Madalgarh 
and has a thickness of about 30-60 m. The Govindgarh Sandstone is compositionally 
and textura l ly less mature than the underlying Akoda Mahadev Sandstone sequence 
of Kaimur Group. It is dark grey to brown in colour comprising quartz and 
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grains of feldspar. Occasionally, i t is pebbly comprising pebbles of quartz, 
feldspar, jespar and iron oxide. Partings of shale are occasionally seen such 
as between Barundni and Parsoli in the Eastern l imb of Parsoli-Bichor syncline. 
The sandstone is wel l bedded, the unit of s t ra t i f i ca t ion varies f rom 1 cm to 
30 cm . The beds between 6-30 cm are more common. Bedding plane inhomogenei-
ties such as ripple marks and sole structures have been recorded f rom the 
sandstone. The beds exhibit internal organisation manifested as cross beds. 
Synsedimentational deformation is occasionally seen as mega convolute laminations 
which suggest sliding processes and basinal instabi l i ty possibly related to palaeoseis-
mic ac t iv i t y in the area (see Iqbaluddin, 198A). 
BHANVE-R GHOUL? 
An in ters t ra t i f ied sequence of clastogenic and chemogenic sediments conformably 
succeeding the Rewa Sandstone, characterised by conditions of dessications 
and periodic deepening of the basin, has been included as upper most subdivision 
of the Vindhyan Supergroup and designated as Bhander Group after the Bhander 
H i l l range Nor th of Narbada Valley. Table 9 presents the l i thostrat igraphy 
of Bhander Group in Rajasthan. 
In the study area the Gannugarh Shale, Lakheri L imestone, Samria Shale and 
Bundi H i l l Sandstone are exposed. 
38 
Table 9 
Formations Thickness in (mt.) 
BHANDER GROUP 
Dholpura Shale 
Balwan Limestone 
Manihar Sandstone 
Slrbu Shale 
Bundi H i l l Sandstone 
Samria Shale 
Lakheri Limestone 
Gannurgarh Shale 
AO-60 
120 
170 
170 
30-130 
133 
150 
200 
Gannurgarh Shale Formation : 
Gannurgarh Shale consti tutes the lower most format ion of Bhander Group. 
It represents a transit ion f rom sand-f lat environment of Govindgarh Sandstone 
to the s i l ic ic last ic t id i l i tes representing a sand-shale ra t io of 3:7. The Gannurgarh 
Shale, occurs as more or less a continuous horizon f rom Barundni to Nandwai 
forming an accidented topography. The outcrops of Gannurgarh Shale are generally 
present in areas where the sandstone intercalat ions are more prominent. Generally 
the outcrop density is low, the l i thouni t occurs as subcrops under a 1 m to 
3 m thick cover of rubble and al luvial soi l . 
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The Gannurgarh Shale is«greyish green to reddish brown in colour. It is generally 
sandy towards the base. It is ferrugineous, micaceous and arenaceous in composi-
t ion and approximate semipeli te in tex ture . Towards the top of the sequence 
near the contact w i th Lakheri Limestone the shale becomes calcareous and 
greyish in colour. Bedding plane inhomogenetit ies are common and manifested 
as current ripples and mud cracks. Mud cracks are generally developed in clayey 
layers and are f i l led by sandy mateial of the overlying sandstone beds. The 
Gannurgarh Shale represents cyc l ic sedimentat ion, comprising shale at the 
base fol lowed by sandy shales, which in turn are overlain by sandstone beds. 
The rhythm of sedimentation in the area at places is developed as compressed 
or expanded cycles where shales are fol lowed by sandstone and sandy shale 
horizons are missing (F ig . 6). The unit of s t ra t i f i ca t ion varies f rom 5 cm to 
15 cm in the sandstone horizon and less than a cent imeter to 3 cm in shale 
beds. 
Lakheri Limestone Formation : 
The Gannurgarh shale is fol lowed by a l imestone horizon which occurs as 
a thin band f rom Barundni to Hardevpura where f rom i t is traceble as isolated 
patchy outl iers upto Anandpur. The cont inui ty of the bed is punctuated west 
of Anandpur but i t again makes appearance af ter about a ki lometer in the 
west near Dhaulji ka Khera and continues Northwards in Gowta Ant ic l ine. 
The l imestone has been named after Lakheri town in Bundi d istr ic t where it 
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is developed as a marker horizon (see Prasad, 1984). The limestone is light 
to medium grey in colour and well bedded. The s t ra t i f i ca t ion is defined by colour 
laminations and occasionally by argilaceous part ings. The l imestone at places 
is pinkish to reddish brown in colour. Towards base i t is sandy and has admixture 
of quartz grains and micaceous f lakes, which occur as disrupted framework 
set in l i ineniud. Towards the top of the sequence the clastogenic component 
depletes, chemogenic stratigraphy becomes dominant and limestone becomes 
cement grade. The beds are massive and breaks w i th conchoidal f rac ture . The 
unit of s t ra t i f i ca t ion varies f rom 2 mm to 4 c m . The beds exhibi t low lent icular i ty 
index and are structureless. 
Towards the base of the format ion the limestone exhibi t spl i t t ing of beds and 
comprise alternations of in t raformat ional conglomerate, mudstone and l imemud 
around Anandpur, Ramnagar, Haripura and Khai rmal iya, e tc . (see Raja Rao 
and Iqbaluddin, 1972) covering an area of 10 sq. k m . The in t raformat ional conglo-
merate beds varies in thickness f rom 15 cm to 45 cm. Northwest of Anandpur 
as many as 19 beds of conglomerates are seen wi th in a 12 m thick section of 
Lakheri Limestone. The conglomerate beds are more l i th i f i ed than associated 
mudstone or l imestone and stand out as ribs in weathered sections. The conglo-
merate comprises 50% to 60% of grey to pale yel lowish brown fragments of 
ca lc i lu t i te set in reddish brown or grey l imemud. The fragments are irregular 
more or less f la t and unsorted (Pl . I , F i g . a). At places a rough imbr icate arrange-
ment is also not iced. These vary in size f rom 1 cm to 7 cm in 
length 3 cm to 6 cm in width and 2 mm to 2 cm in thickness. Near 
the superface of the conglomerate beds the proport ion of the fragments decreases 
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and the conglomerate grades to l imestone. The in t raformat ional conglomerate 
suggest conditions of dessication and f ragmentat ion of l ime mud and its redeposi-
t ion in the matr ix of same composit ion. 
The Lakheri Limestone towards the top of the sequence near its contact w i th 
the overlying Samria Shale becomes cherty and sil iceous. The si l ica is present 
as lent icular patches in the limestone which stand out in re l ief in the weathered 
surface giving rise , to elephant skin weathering in the area around Phulji Ka 
Khera, Chi t tor iya villages and in Bharak River Section in Gowta Ant ic l ince. 
Samria Shale Formation : 
In the study area more or less persistent sequence of shale has been mapped 
f rom South of Samria Kalan to North of Rat iya Khera where the Shales abut 
against the Great Boundary Faul t . In the eastern part of the area the Samria 
Shale has been traced in the Parsoli-Bichor syncline f rom Barundni through 
Bichor to North of Hardevpura where they juxtapose against Suket Shale and 
are separated f rom the later by the Makhanganj Thrust. The Samria Shale comprise 
calcareous shale at the base and semipel l i te towards the top. The thickness 
of Samria Shale is 130-150 m in type area of Samria Kalan. It gradually thin 
out towards the basin margin in Barundni area where i t diminishes to about 
30 m. The shale is greenish and reddish brown in colour w i th pale and earthy 
grey part ings. The shale is hard and ferrugineous. The contact of the shale 
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wi th the overlying Bundi H i l l Sandstone (Lower Bhander Sandstone) is gradational 
and conformable. The shale becomes semipel l i t ic towards the tope of the sequence 
and has th in very fine grained sandstone partings measuring 5-15 cms in thickness. 
The bedding is wel l developed, locally the bedding plane inhomogeneities are 
present as dessication cracks (mudcracks). In the Sigoli area the Samria Shale 
is s t romato l i t i c . The algal structures are referable to Weedia and Callonia 
(see Prasad, 1984). 
Bundi Hil l Sandstone Formation : 
The Lower Bhander Sandstone which fol lows conformably the Samria Shale 
has been designated as Bundi H i l l Sandstone (see Prasad, 1984). In the present 
area i t occurs as an out l ier in the Parsoli-Bichor syncline in Satbari Reserve 
Forest East of Makhanganj. The sandstone is greenish to d i r ty white in colour, 
f ine to medium grained, compact, local ly , i t is micaceous in the lower part 
and becomes or thoquar t iz i t ic towards the top of the sequence where i t is thick 
bedded and apparently massive. The sandstone beds exhibit internal organisation 
manifested as trough type cross s t ra t i f i ca t ion . Ripple marks are developed 
as bedding plane inhomogeneities. The sandstone is about 30 m thick in Satbari 
Reserve Forest. Its contact w i th underlying shale is marked by a transit ional 
zone of semipel l i te and fine grained sandstone intercalat ions wi th in Samria 
Shale. 
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PETROGRAPHY 
Petrographically the Vindhyan rocks of the area comprise sandstone, shale 
and limestone which consti tute the dominant l i thologies of the sedimentary 
sequence. Conglomerate ( in t raformat ional and ol igomict ic) occur as subordinate 
bands wi th in the sandstone and l imestone seuqneces. The thin sections were 
studied to ident i fy minerallogenic populations, their textura l parameters and 
fabr ic relationship to interpret the tectonic mi l ieu of the basin. 
SANDSTONE 
The representative sections of sandstone were studied f rom Akoda Mahadev, 
Govindgarh and Bundi H i l l Sandstone horizons. The sandstone f rom Akoda Mahadev 
horizon comprise Predominantly quartz (90 to 95%). It is medium grained mode-
rately to wel l sorted ( C I = 0.55 to 0.47). The grains are subangular to subrounded 
and have sutured and embayed contacts (PI. I Fig. b) . The quartz grain generally 
exhibit authegenic overgrowth which is in optical cont inui ty w i th clast. The 
Akoda Mahadev Sandstone is having few grains of feldspar which have dusty 
inclusion. They exhibit slight a l terat ion to ser ic i te. Tourmaline, b io t i te , musco-
vite and zircon occur as accessories. Magneti te is common occurring as discrete 
grains distr ibuted through out the rock. 
Govindgarh Sandstone comprise predominantly of quartz (95%). It has well 
rounded grains. The sandstone is medium to coarse grained. The sorting is good 
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(<ri = 0.4). The grains having elongated, point and f loat ing contacts (PI. l , Fig.c) . 
The clasts exhibit l i t t l e or no deformat ion. The framework is cemented wi th 
calcareous and siliceous cement. The quartz is mostly plutonic wi th few grains 
of cher t . Tourmaline, b io t i te , muscovite, z i rcon, occur as common accessories. 
Biot i te is al tered and has released iron oxide (PI . I^Fig. a). 
The Bundi H i l l Sandstone is l ike Akoda Mahadev Sandstone but exhibit fine 
grained texture and l i t t l e deformation of clastic grains. Tourmaline, b io t i te , 
muscovite are common accessories. Magneti te occur as discrete grains. 
SHALE 
Shale occur as f iner clast ic comprising predominantly of serici te wi th l i t t l e 
quartz. In most of the sections examined flakes of b io t i te and grains of magnetite 
occur as common accessories. The Gannurgarh Shale has discrete grains and 
pisolites of glauconite. 
The shales in the proximi ty of the faults exhibit incipient development of cleav-
age plane which occur at acute angle to bedding (P i . I I , Fig. b). Samria Shale 
in the prox imi ty of Great Boundary Fault f rom Jabarpura have wel l developed 
fo l iat ion cut t ing across the bedding at acute angle. It is pervasive and penetra-
t ive. The acute angle relationship of the fo l ia t ion w i th the s t ra t i f i ca t ion (defined 
by preferred arrangement of magneti te grains) suggest dextral shearing along 
the Great Boundary Faul t . 
45 
In the v ic in i ty of the Makhangung thrust the Suket Shale also exhibit development 
of incipient fo l ia t ion at small angle to bedding. 
LIMESTONE 
In the thin section the Lakheri Limestone has calc i te of two generations. The 
pr imary ca lc i te occurs as fine crystal l ine grains, while the secondary calci te 
occurs as large idioblast. Veinlets of calc i te have developed along the fractures. 
The calc i te has undergone internal recrystal l isat ion along these veinlets. Ooides 
of calc i te are prominently distr ibuted thrugh out the rocks, large rombhs of 
dolomite have also been observed. (PI . I I , F ig . c) in the Lakheri Limestone. 
SEDIMENTARY STRUCTURES 
The pr imary features of sedimentary rocks of the Vindhyan Supergroup determine 
by veloci ty , d i rect ion of the depositional currents, rate of sediment supply 
and relat ion of surface of deposition to the local prevail ing environment during 
the depositional history were studied at outcrop level . The pr imary structures 
studied in the area for purpose of description have been grouped under bedding 
and bedding plane marking and i rregular i t ies (see Pett i john and Potter , 1964). 
BEVVWG : 
Bedding is the most ubiquitous element of the pet r i f ied geometry in the Vindhyan 
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rocks of the area. On the basis of external form fol lowing Mackee and Wier 
(1953), it has been classified as laminated, very thin and thin bedding. On the 
basis of internal organisation i t has been distinguished into massive and cross 
bedding. 
Laminated Bedding : 
It is defined by unequal thickness, la teral un i formi ty and cont inuity of beds. 
It is defined by composit ional, colour laminat ion and grain size variations in 
the Suket Shale, Panna and Jhir i shales, Lakheri Limestone (PI. I l l , F ig . a). 
Very Thin Bedding : 
This is the most common s t ra t i f i ca t ion and is characterised by subequal thickness, 
la teral cont inui ty and uni formi ty of beds. Like laminated beddings i t is defined 
by colour, composition and grain size variations betv^een the adjacent layers. 
The unit of bedding varies f rom 1 cm to 5 cm. It is ubiquitous and characterist ic 
bedding of the Akoda Mahadev Sandstone Format ion. The Gannurgarh Shale 
and Lakheri Limestone formations of Bhander Group exhibit very thin bedding 
in most of the sections examined. 
Thin Bedding : 
It is characterised by unequal thickness, lateral var iabi l i ty and continuity of 
47 
beds. The lent icu lar i ty index is low to moderate. It is a character ist ic s t ra t i f i ca-
t ion in the Akoda Mahadev Sandstone. Govindgarh Sandstone and Bundi Hi l l 
Sandstone formations of Bhander Group. The unit of s t ra t i f i ca t ion varies from 
5 cm to 60 cm. The beds having s t ra t i f i ca t ion between 5 cm to 10 cm are 
by far the most common in the study area. 
Massive Bedding : 
The laminated and very thin bedded Lakheri Limestone, Samria and Suket shales 
in most of the places occur as massive beds seemingly wi thout any internal 
organisation. Occasionally thin bedded sandstones are also massive. 
CROSS BEVVING 
Cross bedding (Ot to , 1938) is common in the arenaceous rocks of the area. 
Morphologically crossbeds on the basis of their prof i le in the a-c sections have 
been classif ied into trough and planar cross beds. These occur in isolation and 
as wel l as in conjugate arrangement. 
Trough Type : 
It is most prevalent type among the cross beds in the study area. The forest 
laminae are defined by composit ional and grain size variat ions. Individual cross 
beds vary in thickness f rom 1 mm to 2 cm. Occasionally they are upto 5 cm 
in thickness. The thickness of the cross bedded unit is proport ional to the grain 
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size of the rocks. The coarse grained rocks have thicker cross beds. The angle 
of foreset w i th bedding varies f rom 5° to 15°. The length of the foreset varies 
f rom 10 cnn to 35 cm in a-c sect ion. The longer sets are confined to medium 
grained sandstone horizons. 
Locally the crossbeds are arranged in coset beds w i th foreset and backset show-
ing opposite direct ion of a -ax is dip az imuth. The foreset are characterised 
by erosional surfaces and backsets w i th depositional lamine. the reactivated 
erosional surface dip away f rom the basin axis. The depositional sets are dipping 
towards the basin axis. Local ly these cross beds exhibit festoon arrangement 
in b-c sect ion. The superface represents erosional contacts and subface have 
smooth asymptotic bottoms (PI. I l l , Fig. b). 
Planar Cross Beds 
Planar cross beds have not been recorded f rom many local i t ies in the area, 
because a-c sections are not readily available in the exposures examined. The 
st irke ridges which determine the outcrop distr ibut i ion mostly expose b-c sections. 
However, at few places planar cross beds have been observed in the Akoda 
Mahadev Sandstone and Govindgarh sandstone horizons. These occur as tabular 
sheets w i th f la t top and f la t base having near ident ical angular relationship 
of forest w i th the bedding at subface and superface. These generally occur 
as isolated sets and vary in thickness f rom 5 cm to 15 cm. The average angle 
between foreset and bedding in around 12°. 
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RIPPLE MARKS 
Ripple marks have been observed f rom sandstone horizons and Gannurgarh 
Shale. They generally occur as asynnetricai ripples and have been described 
as current r ipple marks (P i . I l l , Fig. c) . They have generally rounded and rec t i l i -
near crests. At several places w/here interference ripples have developed the 
crests becomes sinuous. In the prof i le section the steeper slopes of the ripples 
are incl ined at 20° to 30° and the gentle slopes are 8° to 15°. The amplitude 
of these ripple varies f rom 1 cm to 3 cm and ripple index is around 4.0. 
STUIATION CAST 
The st r ia t ion casts (Kuenen, 1957) occur as st ra ight , l inear depressions on the 
superface and corresponding f i l ls on the subface in sandstone horizon of Akoda 
Mahadev Sandstone Formation at Rajgarh and in tercalatory sandstone bed of 
Gannurgarh Shale Forahntion East of Nal vil lage (PI . IV, Fig. a). These structures 
exhibit l inear pat tern and uniform cross section w/ith sharp crest. The v\/idth 
of the st r ia t ion cast varies f rom 1 mm to 5 mm and height/depth of these 
str iat ion cast is less than a mm to 2 mm and their length varies f rom 1 cm 
to about 5 cm. On the bedding surface, the st r ia t ion cast exhibi t end-on arrange-
ment. 
FLUTE CAST 
The f lu te casts (Crowel l , 1955) have been recorded as sole marks on the base 
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of fine grained sandstone layers which occur as intercalat ions wi th in Gannurgarh 
Shale Format ion. These are sub-conical in shape w i th one end being rounded 
and other f lar ing out and fol lowed by rounded end of the next cast (Pi. IV, 
F ig . b). In conjugate arrangement the f lu te casts exhibit imbricate pattern. 
Rounded end mark the upcurrent d i rect ion. The length of the f lu te cast varies 
f rom 2 cm to 5 cm and their width is between 6 mm to 1 cm, i t increases 
towards the down current end of the cast. 
LOAV CAST 
The sole marks which do not conf i rm to any def in i te pat tern and presumably 
formed as a result of d i f ferent ia l set t lement of sediment and superincumbent 
load have been included under load cast (Kuenen, 1953). The beds of Akoda 
Mahadev Sandstone, Govindgarh Sandstone and intercalated sandstone beds 
of Gannurgarh Shale formations exhibit dome and basin structures which vary 
in size f rom 10-20 cms. These structures does not exhibit any direct ional property 
and appears to be independent of the f luv ia l dynamics of the depositional currents, 
possibly they ref lect d i f ferent ia l packing of the mater ia l const i tut ing the sandstone 
layer and have been mapped as load casts. 
-RAIN PniSITS 
The rain prints occur as 1 mm to 2 mm diameter c i rcu lar , sl ightly el l iptcal 
depressions on the bedding surface of fine grained sandstone layers in the Akoda 
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Mahadev Sandstone near Rajgarh. These prints are 2-3 mnn deep and are spaced 
at about 1 cm to 2 cm distance f rom each other. These manifest the record 
of rain drops on a sandy f lat which was subjected to quick burr ial by tidal 
sediments, 
MUO C-RACKS 
These occur as polygonal cracks in the fine grained si l ty and clayey layer of 
the Gannurgarh Shale Format ion and are f i l led up by fine grained sandstone 
layers. In the superface the mud cracks are seen as 1 mm to 3 mm wide opening 
in the f ine grained shales and mud stones. In the subface these occur as hypogly-
phes comprising fine to very f ine grained sandstone and si l tstone which occurs 
as polygonal cast of the mud cracks having convex prof i le sections. 
Chapter IV 
MORPHOLOGY AND GEOMETRY OF GREAT BOUNDARY FAULT 
OF RAJASTHAN AND ASSOCIATED STRUCTURAL FABRIC 
GENERAL STATEMENT 
The Vindhyan Basin of India is a Cratonic Basin occupying an Archaean basement. 
Well developed sections of Vindhyan sedimentation are seen in Son Valley (U.P), 
Rajasthan, Madhya Pradesh and Bihar (F ig. 1). 
In Rajasthan the Northwestern margin of Vindhyan Basin is characterised by 
a major faul t extending over a distance of about 400 kms f rom Chit torgarh 
to Machilpur (Fig. 7). Hacket (see Pascoe, 1968) designated this fault as Great 
Boundary Fault of Rajasthan and considered i t as the l im i t of Vindhyan sedimenta-
tion (see Heron, 1936). Revisional mapping of Vindhyan in Rajasthan by Prasad 
and Sharma (1977) has suggested that the fault is not a Boundary Fault sensu 
s t r ic to but it has modif ied the basin margins subsequent to the Vindhyan sedi-
mentat ion. The faul t w/as considered as a continuous plane f rom Chit torgarh 
to North to Machilpur (Prasad and Sharma, 1977). Between Chit torgarh and 
Barundni, i t fol lows Northeast-Southwest t rend. Whence f rom it fol lows Eastnorth-
east-Westsouthwest trend upto Khinya. It fol lows Eastnortheast-Westsouthwest 
trend between Khinya and Machilpur where f rom the fa i lure surface bifurcates 
into two separate planes (Fig. 7). Beyond Machilpur, the faul t has been traced 
as faint l ineament below Yamuna Al luvium in U t ta r Pradesh picked up through 
L ANDSAT imagery in terpretat ion. 
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The Great Boundary Fault has been an enigma of Rajasthan geology. It is part ly 
because the f ronta l margin of the Vindhyan has been eroded in most of the 
sections, erasing the pr imary signatures of the fau l t plane and part ly due to 
the fac t that the geometry of the fa i lure surface has been modif ied by later 
secondary wrench fau l t ing . For the purpose of description the segments of 
Great Boundary Fault have been delineated into Chi t torgarh, Barundni, Khinya 
Satur, Indergarh and Karaul i sectors on the basis of homogeneity of tectonic 
style and trend of fai lure surface. 
The present study has been carr ied out in Chi t torgarh, Barundni sectors to 
generate pr imary data on fau l t related strain along the Great Boundary Faul t . 
The strain along the Great Boundary Fault in Vindhyan Basin in study area 
was examined in nature and experiment. 
MORPHOLOGY OF GREAT BOUNDARY FAULT 
The Great Boundary Fault of Rajasthan picked up through LAND5AT data wi th 
supporting stereomodel studies and ground t ru th col lected f rom secondary sources 
and through primary data generation, have revealed that the Great Boundary 
Fault of Rajasthan is a tectonic l ine which is not a single surface as in i t ia l ly 
considered (see Heron, 1936; Prasad and Sharma, 1977). It is a composite surface 
generated by secondary faul t ing which has modif ied the geometry and spatial 
spread of the tectonic grain of Great Boundary Faul t . In south, between Barundni 
and Chi t torgarh the Great Boundary Fault has been picked up as thrust occurring 
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as decollement over the Berach Granite (PI . VI F ig . b). In the Barundni sector 
i t is occurr ing as wrench where the structural trend of Bichor syncline and 
its connplimentary folds exhibit angular discordance w i th the trend of the Great 
Boundary Faul t . Between Mandalgarh and Khinya, the Great Boundary Fault 
has been observed as a thrust where it has fol lowed the structural trend of 
the Vindhyan sedimentaries in Eastnortheast-Westsouthwest d i rect ion. At Khinya 
the geometry of the fau l t has been punctuated by le f t lateral wrench which 
occur as a secondary faul t in relat ion to the pr imary grain of Great Boundary 
Faul t . The trend of the Great Boundary Fault between Satur and Indergarh 
is roughly N50°E-S50''W. Secondary faul t ing has shif ted the faul t line at Satur 
and Indergarh. The secondary wrench are le f t lateral and r ight lateral at Satur 
and Indergarh respectively. Beyod Indergarh the faul t continues through Sapotra 
and Karul i to Machilpur there f rom i t b i furcate into two . In most of the places 
the fault line has receded due to erosion and the Vindhyan margin overlooking 
the Araval l i plain is present as faul t - l ine scarp. 
FAULT RELATED STRAIN IN STUDY AREA : 
The Model Deformation studies were carr ied out on the basis of the conceptual 
model suggesting peribasinal thrusting in cratonic regime. Based on this model 
the evidences of syntectonic strain to Great Boundary Fault were studied in 
newly excavated sections. The most convincing details were recorded in the 
freshly exposed quarry section at Bassi, road cut t ing at Dekri Khera and Parsoll 
Railway Stat ion. 
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BAssi QaATrnv 
At Bassi near the dispensary, a quarry section is exposed where Suket shale 
has recorded strain syntectonic to Great Boundary Fault manifested as thrust 
and reverse faults and slip l ineations. The Suket shale is folded into gentle 
warps by f lexural slip mechanism. The limbs of the folds have been truncated 
by b r i t t l e fa i lure manifested as reverse faul t and thrusts. The bedding surface 
and hinge of the warps exhibit slickenside brecciat ion and slip lineations (PI. 
V Fig. b). In f lexural slip folds the slippage and brecciat ion, if any, is rest i rcted 
to the l imbs, in the hinges the shearing stresses are zero (see Ramsay, 1967) 
and hence slickenside brecciat ion present in hinge zone wi l l be late tectonic 
to folds and have been considered as syntectonic to the associated fault ing 
(P i . V F ig . c) which also exhibit slickensides and slip l ineations. 
The direct ion of tectonic transport inferred f rom the slip lineations is N20°W-
S20°E. The thrust which has developed in the area is trending N80°E-S80°W 
dipping 30° towards N10°W. The or ientat ion of the thrust exhibit directional 
correlat ion w i th inferred faul t trace of Great Boundary Fault in Bassi area 
(Fig. 8). 
The beds in the tectonic slices are t ight ly folded whereas beds below the thrust 
plane in foot wal l are gently dipping apparently free f rom any high strain rate 
deformat ion. The foot wal l beds exhibit dips at 20° to 30° in Northerly direct ion. 
FIG. i : LOWER HEMISPHERE PROJECTIOW OF hAESOSCOPlC THKUST AND 
SLIP LIWEATIOW. WOTE THE WEAR ORTHOGONAL RELATIONSHIP OF 
DIP OF THE TV-UST AWO SLIP LIWEATIOW MANIFESTING DIRECTION 
OF TECTONIC TRANSPORT. 
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VEK-Rl KH ERA 
In the road section near Dekri Khera the contact of Vindhyan sedimentaries 
(Akoda Mahadev Sandstone of Kaimur Group) and the Berach Granite (Basement 
rock, 2500 M.a.) are excel lent ly exposed in the newly excavated section. This 
contact is one of the most instruct ive and i l lustrat ive section to describe the 
geometry of the Great Boundary Fault of Rajasthan which has been variously 
described as normal gravi ty fau l t , reverse faul t and wrench (Heron, 1936; Prasad 
and Sharma, 1977 and Iqbaluddin, et a l . , 1978). The observation at Dekri Khera 
section indicate a clear thrust relationship between the Berach Granite and 
the overlying Vindhyan sediments (Akoda Mahadev Sandstone). 
The contact between the Akoda Mahadev Sandstone and Berach Granite is defined 
by a 1.5 m thick zone of crushed breccia which is developed between Akoda 
Mahadev sandstone and the Granite regol i th (P i . VI Fig. a). Absence of regolith 
mater ia l in the clastic deposits suggest that the provenance of clastogenes 
was d i f ferent f rom the insitu outcrop of the regol i th covered grani te. The 
present juxtaposit ion is the result of the tectonic transport of the Akoda Mahadev 
Sandstone along a moderately dipping (25°-30°) thrust plane. The sandstone 
in the prox imi ty of thrust plane has been fractured and brecciated (PI . VI F ig . a). 
Locally the beds have buckled in structural disharmony with overlying sedimentary 
pile (Fig. 9) giving rise to Decollement like structures (see De Sit ter, 1964; 
Davis, 1984). In the beds sl ightly above the tectonic plane separating the Vindhyans 
/ ' T R A C E OF THRUSnCBFI 
TRACE 
AKOVA MAHAVEV SAHVSTONB SHOWING 
OPEW FOJ.DS AWO VBCOLEUBNT WITH 
UWDERLVIWG ARCHAEAW 8ASEMEWT 
FIG. 9 : LOWER HBUSPHEKE PROJECT/GW OF FOOTWALt STRAITIFICATJOW AWO THRUST. 
IWSET EXHIBIT TBCTONIC OISCORBAWCE BETWFEW THE FOOTWALt BEOOIWG 
ANU TIGHT ASVMETRIC FOtOIWG IW HANGWGWALL. 
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from the underlying basement, the sediments have undergone layer parallel 
strain due to contrast in the thickness of the competent layer, the dominant 
wave length of two orders have developed (PI. VI Fig. b). As a result, disharmonic 
folds have developed in the sandstone layers cogenetically with the Decollement. 
As imcompetent material is not available curved openings in the hinge zone 
have developed (dark phototones, PI. VI Fig. b). Because of the contrast in 
guadratic elongations perpendicular and parallel to the shortening, layer parallel 
strian has developed (see Scherwin and Chappel, 1968; Hudleston, 1973) in the 
sediments which resulted in the development of fold detachment which was 
parallel to the plane of stratification, the progressive deformation led to folding 
of the decollement surface and increase in amplitude of the folds in the layers 
above the failure plane. In the basement rock where the regolith cover was 
not present as incompetent material, it has acted as a structural discontinuity 
between the rigid basement (Berach Granite) and the overlying sediments (Akoda 
Mahadev Sandstone). Thus, development of the Great Boundary Fault is the 
result of thrust tectonics akin to decollement brought about by detachment 
of sedimentary pile having strong competence contrast with the basement due 
to layer parallel strain developed under the body stresses of the sedimentary 
pile. 
PARSOLl -RAILWAV STATION 
In the Parsoli Rajgarh area, the Rewa Shales are exposed in proximity of the 
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Great Boundary Faul t . The shales exposed at proposed Parsoli Railway Station 
are folded into open to close fold having reclined geometry. The folds are 
plunging 20°/S25°W. The axial plane cleavage of the fold is developed as close 
spaced fractures trending N70°W-S70°E dip 20°-25° towards S20°W. The axial 
plane cleavage of these folds exhibit d irect ional paral lel ism wi th the tectonic 
grain of the Great Boundary Faul t . The development of the folds is related 
to the sinistral shear movement, possibly, generated under a centr i fugal ly directed 
stress f ie ld in response to thrust tectonics of the sedimentary pile above the 
basement (PI . IV Fig. c) . 
KHINVA SECTOn 
At Khinya, the Great Boundary Fault exhibit lateral offset along a secondary 
wrench faul t (F ig . 7). The secondary faul t str ike NE-SW and is manifested 
as about 20 m high scarp overlooking the plain country to the Southwest. The 
fault zone is characterised by close spaced joints occurring parallel to the 
fault plane. The f ialure surface exhibit slip l ineations plunging 30° toward Nor th-
west. The l ineation marks the net-sl ip direct ion which suggest sinistral movement. 
The fault plane is exogenically expressed by lower Bhander Sandstone which 
exhibit d i f ferent ia l recrystal l isat ion in a A-5 m thick f racture zone (see Prasad, 
1976). Extensive ferrugenisation has been recorded along open fractures caused 
by percolat ion of iron solutions along f ractured zone. 
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SATUn SECTOR 
In the Satur sector, the Great Boundary Fault has been mapped near Deghnia 
where Lower Bhander Sandstone has been brought in juxtaposition with the 
pre-Aravalli metasediments of Bhilwara Supergroup. In Satur sector, the Great 
Boundary Fault has been faulted by two parallel secondary faults extending 
over a distance of 4-5 km in Westnorthwest direction. The outer fault is the 
main segment while the inner fault is the antethet ic element of secondary 
faulting in this area (see Igbaludding, et al., 1978). The synthetic and antithetic 
elements form a graben. In the graben the lower Bhander Sandstond exhibits 
development of fault breccia, characterised by presence of angular autoclasts 
of sandstone. Locally, sheeting has been recorded parallel to the fault with 
slickensides (see Iqbaluddin, et al., 1978). Prasad (1976) records decrease in 
brecciation with increase in the spatial spread of the graben. 
INVE-RGTIAH SECTOR 
At Indergarh, the Great Boundary Fault has been mapped as reverse fault, 
where the fault plane dips at steep angles of 60°-70° towards Northnorthwest 
(see Prasad, 1975, 1976). The morphotectonic expression of fault are fault 
line scarp rising to an elevation of 10 m and a minor synthetic element about 
15 m to the southeast of fault line scarp having a throw of 8 m. The synthetic 
fault under stereomodel looks like a stepping stone between the plains and 
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Vindhyan plateau. Local ly sheeting has been observed paral lel to the fualt plane. 
Here the Great Boundary Fault has brought the lower Bhander Sandstone against 
the Pre-Araval l i metasediments. Near Indergarh the Great Boundary Fault 
exhibit r ight lateral str ike separation of about 2 km brougt by secondary wrench 
faul t ing (F ig . 7). 
KA-RALXLl SECTOn 
Towards Northeast in the Karauli sector the Great Boundary Fault passes wi th in 
the Vindhyan between Sapotra and Machilpur. Here i t becomes intraformat ional 
and looses its signif icance as the boundary of Vindhyan and pre-Araval l i rocks. 
The faul t is reverse and exhibit decrease in throw f rom Southwest to Northeast 
as indicated by abutment of Tirohan breccia and Tirohan Limestone against 
the Upper Bhander Sandstone at Sapotra, while the Upper Rewa Sandstone 
is juxtaposed w i th the Upper Bhander Sandstone near Karaul i in Northeast 
which suggest decrease in the throw accross the faul t (see Igbaluddin et al . , 
1978). At Machilpur the faul t has marginal ly disturbed the Upper Bhander Sand-
stone. 
Chapter V 
MODEL DEFORMATION STUDIES TO SIMULATE PERI-BASINAL DEFORMATION 
OF VINDHYAN BASIN OF INDIA. 
GENERAL STATEMENT : 
In the present study experiments were performed to simulate the prsent state 
of f in i te strain of Vindhyan Basin of India through model deformat ion techniques. 
The study reveals that when the model is deformed under the influence of 
centr i fugal ly directed stress f ie ld the stress concentrates along the periphery 
of the model having r igid margins generating compressive stress regime (>1> 
1 > > 2 ) and the central part exhibit mi ld deformation in the layer in tensile 
stress f ie ld (1> >'^>>^2). The folds have developed along the margin and fractures 
of d i f ferent or ientat ion can be seen in the central part of the model, in confor-
mi ty to the coTipressive and tensile stress fields of the model. The simulated 
model deformat ion exhibi t , good correlat ion w i th the spatial spread of the 
structural fabric of Vindhyan Basin of India (see Ramasamy, 1985). 
FIELD INVESTIGATIONS : 
The f in i te strain in the Vindhyan Basin of Rajasthan exhibit fol lowing structural 
features. 
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1. The northwestern margin is characterized by a major fault extending 
f rom Chi t torgarh in the south to Machilpur in the north having a str ike length 
of about 400 km trending roughly in NE-SW direct ion. The fault has been desig-
nated as Great Boundary Fault of Rajasthan (see, Pascoe, 1968; Prasad and 
Sharma, 1977; Ramasamy, 1985). 
2. The str ike cont inui ty of Great Boundary Fault has been punctuated at 
several places by lef t and right lateral wrench faults which occur as secondary 
faul t in relat ion to Great Boundary Fault (Iqbaluddin, et a l . , 1978). 
3. Centra l part of the basin has almost horizontal beds w i th open joints 
and f rac tur ing indicat ing tensile stress regime in the centra l part of the basin 
(see Ramasamy, 1985). 
4 . Recent work carr ied out by the author indicate the Great Boundary Fault 
is a composite surface, in Chi t torgarh and Mandalgarh sectors it is a thrust 
while in the Barundni sector it is developed as a wrench (Fig. 7). 
5. In the proximi ty of thrust the sedimentary pile of Suket Shale and Akoda 
Mahadev Sandstone formations indicate development of a-l ineation which suggest 
centr i fugal ly directed tectonic transport towards basin margin (Pt. V, F ig . 
b) 
6. The folds have developed in sedimentary pile and show progressive t ighten-
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ing f rom axia l zone towards the basin margin (Fig. 10). Table 10 presents the 
in ter fac ia l angle of folds developed in the axial , peribasinal and marginal portions 
of the Vindhyan Basin of Rajasthan. 
Table 10 
Folds Interfacial 
angle 
Classification Remarks 
1. Bi jo l ia Ant ic l ine 
2. Paraoli-Bichor Sync line 
3. Sigoli Sync line 
h. Gowta Ant ic l ine 
172° 
63° 
30° 
36° 
Open 
Tight 
Tight 
Tight 
Ax ia l zone 
Pari basinal 
Marginal 
Marginal 
7. In the Chitorgarh sector the Great Boundary Fault is present as a thrust 
(PI V I , Fig. a). The sympathetic structures developed on the mesoscopic scale 
indicate development of folds which as a result of progressive deformation 
have been ruptured and the steeper limbs have undergone fai lure by thrusting 
(Ft. X I I I , Fig. a & b). Local ly the fai lure plane developed as high angle reverse 
fault in the folded limbs (PL V, Fig. a). At some places the fau l ts have developed 
as thrust w i th a we l l developed slip lineation along the fa i lure surface. 
FIG. 10 : STEREOGRAM SHOWIWG IWTERLIM8 AWGtE OF 
a) B130LIA ANTICLINE 
b) PARS0L1-8ICH0R SVWCLIWE 
c) SlGOLl SVNCLINE 
d) GOWIA ANTICLINE 
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STRAIN IN EXPERIMENT : 
The development of folding and f ractur ing in the model studies has been at temp-
ted by several workers (see Wil l is, 1891-92; Biot , 1961; Paterson and Weiss, 
1966; Cobbold, et al . ,1971; Cobbold, 1975 & 1976). The f in i te strain in model 
studies was evaluated to determine the spat ial location of fo ld nucleation, 
the dimension of fo ld structures and relationship of folding to f ractur ing to 
develop a correlated model of s t ra in in nature and experiment in respect of 
cratonic regime w i th part icular reference to the Vindhyan Basin of Rajasthan. 
WUCLEATIOW OF FOLV : 
The nucleation of fold takes place where inhomogeneities exist either in the 
layer or in the ^ ress distr ibut ion. The development of folds involves distort ion 
in the layer at places where inhomogeneities are present. The inhomogeneities 
in layers or the stress f ie ld may be inherited or generated (see Paterson and 
Weiss, 1966). In Vindhyan Basin the inhomogeneities are present in layers near 
the basin margin and in the stress distr ibut ion which was maximum at the margin 
of the sinking basin, thus nucleation of folds in the basin was maximum in 
the peripheral zone. 
VmENSlON OF FOLDS : 
The concept of dominant wavelength presume the existance of small sinusoidal 
i r regular i t ies in layer subjected to deformation (see Biot , 1961; Ramberg, 1959, 
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1961, 1963, 1964). Bi j iaard (1946) considered the dominant wavelength ' L ' w i l l 
be dependent on thickness of the st i f f layer and the elastic modulus of st i f f 
layer and confining medium, where dominant watelength can be expressed as :-
L = 2 7^ t 3yB/6Bo 
Where 
L = dominant wavelength 
t = thickness of s t i f f layer 
B = Elastic modulus of s t i f f layer 
Bo - Elastic modulus of confining medium 
Curr ie , et a l . (1962) suggested the Young's modulus of the st i f f layer and conf in-
ing medium play dominant role in determining the dominant wavelength of 
folds and they suggested the equation :-
L = 27^t 3yE/6Eo 
Where 
E - Young's modulus of confining medium 
Eo = Young's modulus of s t i f f layer 
t = Thickness of the st i f f layer 
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Biot (1959) and Ramberg (1959) studied the folding in perspective of viscous 
deformation and suggested the role of the coeff ic ient of viscosity of the layer 
and the confining medium to determine the dominant vs/avelength. They gave 
the mathemat ica l analysis for the dominant wavelength of elastic deformation 
as :-
L = 2 A t 37n/6no 
Where 
n = coef f ic ient of viscosity of s t i f f layer 
no = coef f ic ient of viscosity of confining medium 
t = thickness of s t i f f layer 
Scherv\/in and Chappel (1968) have suggested the amount of layer paral lel strain 
before buckling controls the dominant vi/aveJength. Huddleston (1973) rew/rote 
the 5herv\/in-Chappel equation as :-
27^  t 
^ 6no(2S^) 
Where 
JM /X3 
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A l = quadratic elongation perpendicular to shortening 
/^3 = quadratic elongation parallen to shortening 
n = coef f ic ient of viscosity of s t i f f layer 
no = coef f ic ient of viscosity of confining medium 
t = thickness of s t i f f layer 
Thus the dominant wavelength are determined by the thickness and the quadratic 
elongation perpendicular and paral lel to the shortening. 
In the Vindhyan Basin smal l scale structures are conspicuous by their paucity. 
Large v/avelength structures are developed in the peripheral zone as gentle 
to open folds. The development of the dominant w/ave length in the basin is 
characterized by the thickness of the competent layers of sandstone which 
have determined the s t ruc tura l archi tecture in the area. 
The development of the concentr ic folds has been explained by Ramberg (1963) 
as funct ion of boundary condit ions. Chevron folds form about the middle of 
the model while concentr ic folds developed near the boundaries. Ghosh (1968) 
has demonstrated that the kink bands developed in imperfect ly lubricated layers 
and concentric folds w i th rounded forms developed in we l l lubricated layers. 
Thus the development of concentr ic folding wi th rounded hinges (PL VI, F ig . b) 
in the Vindhyan rocks suggest we l l lubricated layer boundaries, possibly pore 
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water was control l ing the lubrication between the layers and to an extent the 
deformation of the basin margin was syn-tectonic to late-tectonic to sedimen-
tat ion. 
MODELLIWG MATERIALS : 
A var iety of mater ials have been used to simulate natural ly occurring rocks 
in model studies. Ha l l (1895) used c lo th and clay to represent geological strata. 
Daubree (1878, 1879 in Hubbert, 1937) used glass, plaster of paris, wax and 
meta l as modell ing Tiaterials. Cadel l (1889) experimented w i th plaster of paris 
and damp sand to generate the geological structures. Wil l is (1891, 1892) employed 
di f ferent grades of wax and plaster of paris in model deformation studies con-
ducted to generate Applachian s t ruc tura l fabr ic. Kunen and De Sitter (1938) 
performed series of experiments using paper sheets, rubber plates, parafin wax 
and clay to generate folds. Bucher (1956) used stiching wax (Shoe maker pitch) 
to experiment on role of gravi ty tectonics in orogenesis. 
In recent years, modell ing clay, Dow Corning silicon Putty plastic base Painter's 
Put ty , stiching wax, collophony-ethy lene phthalate mixtures, various wax-oi l 
mixtures, various mixtures of heavy powder and silicon Putty or st i tching wax, 
plates of concrete and aqueous solutions have been employed to simulate rocks 
of dissimilar competency and f lu id magma (see Ramberg, 1981). 
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CHOICE OF MOVBLLING MATERIAL : 
In the experiment to simulate the competent strata of Vindhyan Basin which 
had low yield strength in the in i t ia l stages of deformation and increased ul t imate 
strength generated due to strain hardening w i th progressive deformat ion, a 
mater ia l was required which may yield at low stress but may eventually increase 
in strength due to strain hardening. 
Several mater ia ls were t r ied to simulate the physical behaviour of Vindhyan 
sandstone which has control led the s t ructura l archi tecture of the Great Boundary 
Fault and i ts accompanying fabr ic. The materials such as modell ing clay, plasti-
cine were used. These mater ials could not respond to cent r i fuga l stress f ield 
due to their lack of cohesion w i th the basement layer through which stress 
f ie ld was simulated in the machine. The Painter 's Putty was experimented, 
which is a mixture of linseed o i l and white pigment. The Painter 's Putty exhibit 
the desired quality of low yield strength and pronounced strain hardening wi th 
progressive deformat ion. It had the quality of sticking w i th the rubber base 
through which the cent r i fuga l stress f ie ld was generated in the machine designed 
for the model experiment. 
Readymade di r ty yellow Painter 's Putty available in the market was used. 
It was mixed w i th grease to make it soft for rol l ing it in layers of desired 
thicknesses and to impart it adhesive qual i ty. 
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THE MACHINE : 
The machine used in model deformation studies was designed to generate cent r i -
fugal stress f ie ld w i th the stress concentrat ing along the periphery of the model 
in line w i th the stress distr ibut ion in Proterozoic Cratonic basins (see Turcot te, 
et a l . , 1977; Iqbaluddin, 1979; 1981). The machine had a iron tr ipod (a), main 
frame w i th a ring having 30 cm diameter (b). The frame was designed wi th 
a height of 90 cm. The exper imental p la t fo rm for keeping the model was attached 
to the ring w i th 4 supporting rods (c). The exper imental p la t form has a rigid 
base (d) of c i rcular iron sheet 28 cms in diameter. The outer c i rcular ring of 
the machine is f i t t ed w i th ten pull ies (e) and 4 threaded bolts ( f ) (PL VII , Fig a). 
A top glass plate (g) is used to f ix the model in position of the experimental 
p la t fo rm. The glass plate (g) is attached to the machine w i th 4 threaded bolts (f). 
The model is placed over an elastic rubber sheet (h) spread between the model 
and exper imental p la t fo rm. The rubber sheet w i th a diameter of 10 cm was 
connected by 10 strings ( i) which passed through the pullies and were t ied into 
a knot and attached to a weighing assembly ( j ) . The pul l was generated in the 
elastic rubber sheet by placing weight in the assembly (j). The force was trans-
mi t ted through strings on to the rubber sheet which t ransmit ted it to experi-
mental 'medium' (Painter's Put ty) . The rigid margin of the model led to stress 
accumulation in the 'medium' and generated deformat ion. The rigid margin 
of the Vindhyan Basin were simulated in the model using hard transparent plastic 
sheets (k). 
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EXPERIMEWTAL DETAILS : 
To simulate the s t ructura l fabric of Vindhyan Basin experiments on model de-
format ion were performed using the machine designed to generate centr i fugal 
stress f ie ld w i th stress concentrat ion along the basin margin, in line w i th the 
conceptual model evoK/ed for the Vindhyan Basin of India (see Iqbaluddin and 
Mughni, 1976; Srivastava, and Iqbaluddin, 1981). These experiments were designed 
to study the strain, generated in the basin. The basin boundaries were generated 
as rectangular and c i rcular in conformity w i th the various possibil i t ies of basin 
conf igurat ion. 
1 . The rectangular boundaries of the model in the f i rst experiment were 
adopted to simulate the fault bounded basin. 
2. The circular model was adopted to consider a basin geometry generated 
as a result of sagging of the basement. 
Experiment I : Model of Fault Bounded Basin 
Step-Z 
The machine was set for Experiment-1. The rubber sheet (h) was stretched 
over the exper imental p la t fo rm (d) through the strings (i). An in i t ia l weight 
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of 1.25 kg was placed over the weighing assembly (j) to provide in i t i a l stretching 
of rubber sheet (the in i t i a l weight may vary depending upon the elast ic i ty of 
the rubber sheet being used). 
The fresh Painter 's Putty was rol led into approximately 2 mm thick layer of 
nearly uni form thickness over the rubber sheet placed over the experimental 
p la t form of the machine. A rectangular model made up of plastic sheet measuring 
11 cm X 7 cm dimensions was placed over the Putty layer. The Putty layer 
outside the rectangular f rame was removed. The frame was f ixed in position 
through glass plate (g) and adjusted by the threaded bolts (f) of the machine. 
The putty layer had in i t i a l wrinckles in line wi th the basement i rregular i t ies 
ref lected by the model (PL VI I I , F ig . a). 
Step-II : 
A weight of 4.4 kg was added to the weighing assembly ( j) . The wrinckles in 
the model were smoothened and the model started deforming w i th two sets 
of tensile f ractures in the centra l part of the model and per imarginal folding 
in the model under a cent r i fuga l stress f ie ld t ransmit ted by a t o ta l weight 
of 5.65 kg. The rate of deformation in the in i t ia l stages was more, it gradually 
decreased, af ter about 20 minutes the model got stabil ised. The model was 
photographed using black and white Panchromatic f i lm w i th camera axis ver t ica l ly 
disposed (PL VI I I , F ig . b). 
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Stap-lll : 
The weight of 2.3 kg was added to the weighing assembly (j) and the effect 
on the nnodel was studied. Tensile f ractures in the cent ra l part of the model 
increased in opening. The folds in the peripheral part started growing both 
in amplitude and wavelength under the stress f ield t ransmit ted by a to ta l weight 
of 8.15 kg. The growth of the folds towards the model margin led to steepening 
of the limbs. Later the wavelength of the folds increased towards the axial 
zone of the basin. Thus compressive regime transgressed over tensile regime 
embracing the early formed tensile f ractures wi th in the fo ld structures. The 
model was deformed for about 20 minutes. A f te r 20 minutes no appreciable 
change in the model was perceived. The model was photographed by keeping 
camera axis ve r t i ca l (PL VI I I , F i g . c) using the B & W panchromatic f i l m . 
St(Lp-lU : 
The weight of 3 kg was added to the weighing assembly (j). The model responded 
by opening up of the f ractures in the cent ra l part and growth of folds in wave 
length towards the basin. The dips steepen towards the margin of the model 
and towards the ax ia l zone of the model the dips remained gentle. In the central 
part the dips remained nearly hor izontal . The model was deformed for about 
30 minutes under a stress t ransmi t ted by a weight of 11.15 kg and af ter which 
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it was photographed by keeping the camera axis ve r t i ca l (PL IX, F ig . a) using 
B & W panchromatic f i l m . 
Stzp-V 
The weight of 5 kg was added to the weighing assembly (j). This weight was 
placed in steps, in i t ia l ly 2 kg of weight was added and response of the model 
was noted. The model did not responded to the weight. Another weight of 2 kg 
was added to the model. The rubber stretched slightly and the ef fect in the 
model was, slight opening in tensile f ractures already in existence in the model. 
There was no change in the geometry of the marginal folds. Another 1 kg was 
added and there was no response in the model, at this stage the model was 
photographed by keeping the camera axis ve r t i ca l (PL IX, F ig . b) and the ex-
periment was disconnected af ter 30 minutes observations w i th the t o t a l weight 
of 16.15 kg. 
The above experiment w i th single layer of Painter's Putty was repeated and 
similar observations were recorded. The only changes were in the shape and 
extent of f ractur ing and folding. The basic geometry of strain remained same, 
that is tensile stress regime in the cent ra l part w i th open fractur ing and compres-
sive stress regime in marginal part w i th folds having parallel ism wi th the 
margin. In the corners the structures became curvi l inear due to changes in 
^^ t ra jector ies. 
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Experiment I I - Model Simulating Sagging Basin Geometry 
Step-I 
The machine was set for experiment I I . The rubber sheet was stretched over 
the exper imental p la t fo rm through strings. An in i t i a l weight of 1.25 kg was 
placed over the weighing assembly (j) to provide in i t i a l stretching of the rubber 
sheet. 
The fresh Painter 's Putty was rol led into 1 mm to 2 mm thick layer of nearly 
uni form thickness and placed over the rubber sheet f ixed over the experimental 
p la t form of the machine. A r igid margin made up of hard plastic sheet moulded 
into a c i rc le of 7.5 cm diameter, simulating the peripheral boundary of the 
sagging basin, was placed over the Putty layer. The Putty layer outside the 
circular frame was removed. The f rame was f ixed in position through glass 
plate (g) and adjusted by the threaded bolts ( f ) of the machine. The Putty layer 
had in i t i a l Wrinkles in line w i th the basement i r regular i t ies ref lected by the 
model (PL X, Fig. a). 
Sfep-H 
The weight of 4.4 kg was added to the weighing assembly (j). The inhomogeneities 
present were stretched out and model responded w i th in i t ia t ion of Peribasinai 
folding and tensile f ractur ing in the cent ra l part under centr i fugally directed 
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stress f ie ld generated by a to ta l weight of 5.63 kg. The fractures are essentially 
extensional. The peribasinal folding has been selective, restr icted to margins 
where stress concentrat ion was more and in i t ia l nucleation was well defined 
(see inset c PI . X Fig. a & b). The model was deformed for about 20 minutes 
after which i t got stabil ised and was photographed by keeping camera axis 
vert ical (PI. X, F ig . b) . 
Ste-pin : 
The weight of another 2.5 kg was added to the weighing assembly (j) and 
reponses in the model were recorded to the increased stresses transmit ted 
by a to ta l weight of 8.15 kg . The marginal folds accentuate in amplitude 
and progressively decreased in wavelength and also increased in spatial d is t r i -
bution along the periphery of the model. The accentuation of the amplitude 
led to t ightening and f rac tur ing along the hinge of the marginal fold and 
overturning of the external l imb. The fractures developed in radial pattern 
corresponding to centr i fugal stress distr ibut ion in the basin. The radial fractures 
propagate towards model margins and they open up w i th progressive deformat ion. 
The model was observed for about 25 minutes and when no signif icant change 
was noticed i t was photographed w i th camera axis vert ical ly disposed (PI-
X , F ig . c) . 
Step-IU : 
In the fourth step of the experiment a weight of another 3.0 kg was added 
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to the weighing assembly (j). The model responded with fracturing along the 
hinge line of the marginal folds (Fig. 11) followed by over thrusting of the 
internal limb over external limb (see inset Y PI. Xl,Fig. a). The tensile fractures 
developed in the model form polygonal cracks and continued to grow towards 
model margin under a centrifugal stress field generated by a total weight 
of 11.15 kg in the weighing assembly of the machine. The model was kept 
under pull for about 20 minuts when it got stablised, it was photographed 
with camera axis vertical (PI. XI, Fig. a). 
Stap-V 
The model was subjected to release of stresses (of the deformation achieved 
in step-IV). The weights of 9.9 kg were removed from the weighing assembly 
of the machine. The response to the release of centrifugal pull was observed. 
The model responded by decreased in the openings of the tensile fractures 
and amplitude of the fold decreased with the corresponding increase in wave 
length of the s tructures. The folds nucleated along the margin grew in aerial 
extent, generating enechlon pat tern (see inset Z, Pi. XI, Fig. b). The fold 
which underwent fracturing and thrusting of the limb did not exhibit any 
significant changes as the stress accumulated in the hinge has possibly be 
released by failure along the hinge zone of the fold. The fold with thrusted 
contacts possibly simulate the present s ta te of finite strain along the Great 
Boundary Fault of Rajasthan. 
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During the last stages of deformat ion, the secondary f ie ld developed due 
to redistr ibut ion of stress led to str ike slip fau l t ing. Note the displacement 
along an earl ier f ractures by growth of secondary faul t ing due to r ight lateral 
and le f t lateral movements in the model (see inset Z & W, Pi . X I , Fig. b 
& c) . 
The Experiment was repeated and similar observations were recorded. In 
the end phase of the repeat experiment the closing of the tensile fractures 
was fol lowed by development of dome and basin structures (Pi . X I I , Fig. b). 
These features simulates the present state of f in i te strain as recorded by 
Ramasamy (1985) f rom the Ramgarh Dome area in the Kota distr ic t of 
Rajasthan. The structures represents 1st order interference patterns evolved 
in a construct ive strain f ie ld (see Ramsay, 1967; Sengupta & Mukhopadhyay, 
1979). 
Chapter VI 
SUMMARY 
CONCEPTUAL MODEL FOR THE EVOLUTION OF GREAT BOUNDARY FAULT 
GENERAL STATEMENT 
The Vindhyan Basin of India spatially occurs over an Archaean basement and 
is character ized by peribasinal deformat ion. In south it is bounded by Narbada-
Son line (West, 1967) and in Nor th i t is characterized by development of a 
major faul t known as the Great Boundary Fault (see Hacket in Pascoe, 1968), 
The basin development was control led by asthenospheric diaprism due to density 
inversion achieved during the Archaean by addition of garnet to the lithosphere 
through ol ivine-spinel phase change (see Hales, Helsely and Nat ion, 1970; Press, 
1973; Turcot te , et a l . , 1977; Iqbaluddin, 1981). The positive tectonic topography 
generated during the Archaean provided elastics to the Proterozoic geosynclines 
in the Northern Indian Shield (Araval l i , Bi jawar, Delhi, etc.). This led to thinning 
of the crust in the Archaean ter ra in . During the Proterozoic the density equi l i -
br ium was achieved, through d i f ferent ia t ion and assimilation of the obducted 
asthenosphere. The subsidence of the eroded lithospheric arch led to generation 
of negative tectonic topography in the Archaean basement at density null 
(between asthenosphere and lithosphere). This negative topography became the 
site of proterozoic cratonic basin in the Northern Indian Shield, generally referred 
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as Vindhyan Basin of India. This basin received terrigenous elastics derived 
from the Archaean terrains. 
STRESS ENVIRONMENT IN CRATONIC REGIME 
The stress reginne of most of the Cratonic basins of the world has been explained 
by gravi tat ional flow/age of sedimentary prism towards the basin axis. Folding 
of marble belts of Vermount (Bain, 1931). Gulf Coast Gi l Field of U.S.A. 
(Bomhouser, 1958) and Ruhr Coal Basin (Harman in H i l l , 1965). 
In a model of gravi tat ional flowage the deformation w i l l result f rom centr ipetal 
stress f ie ld . Under such stress conditions the fold w i l l have asymmetr ic i ty of 
limbs and development of thrusts in the direct ion of f lowage and tensional 
fault ing in up slope direct ion of the mass, subjected to gravi tat ional f lowage. 
Some of the cratonic basins are thought to be located over the axis of ancient 
r i f t system (see McGinis, 1970; Haxby, et a l . , 1976; Burke, 1976; Datonj i , 1981; 
De Ri to , et a l . , 1983). 
Turcotte, et a l . (1977) have advanced a model of broken lithosphere subjected 
to ver t ica l upl i f t and subsequent erosion for the evolution of cratonic basins. 
The present state of f in i te strain of Vindhyan Basin, when viewed in the context 
of basin evolut ion, makes it clear that the stresses responsible for the present 
structural archi tecture were intra-basinal. Iqbaluddin (1981) proposed a model 
of centr i fugal stress f ie ld for the evolution of structural fabric of Cuddapah 
Basin. The possible source responsible for the deformation is the body force 
of supracrustals. The body force of the sedimentary prism acting on the rigid 
basement w i l l get resolved into two components. The ver t ica l component of 
the body force controls the bathymetry of the basin through subsidence of 
basin f loor at density null (between asthenosphere and lithosphere) while, the 
horizontal component act ing tangential ly to the r igid margins w i l l lead to buckling 
of the sedimentary prism in a compressive stress f ie ld . 
S0U1?CE OF STT^ESS : 
The stresses responsible for the evolution of the structural fabric of Vindhyan 
Basin were derived f rom the body force of the sedimentary pr ism. The body 
force which acted against the r igid basement was resolved into two components. 
A mathemat ical model has been evolved to support this conceptual model. 
The body force of the sedimentary prism acting against the basin f loor, got 
resolved into two components (Fn) and (Ft). The component (Fn) which was 
acting normal to basin f loor control led the bathymetry of the basin and the 
component (Ft) acting tangential ly to the r igid margins of the sinking basin 
led to peribasinal folding and thrust ing through small incremental distortions 
of the mul t i - layered sediments possibly at a t ime when the in i t ia l pore water 
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was present in t he sed imen ts . The f o l d i n g f o l l o w e d t he d e f o r m a t i o n of a viscous 
p la te in a v iscous m e d i u m (see Hobbs et a l . 1976). 
M a t h e m a t i c a l l y these c o m p o n e n t s o f t he f o r c e can be de r i ved as f o l l o w s (F ig . 12). 
Fn / h = SinoC 
Fn = h SinoC (i) 
Where 
Fn = N o r m a l C o m p o n e n t o f t h e body f o r c e o f sed iments 
h = Slope d i s tance of t he basin f l o o r 
A n g l e o f pa leos lope o f t he basin 
F t / h = Cos oC 
F t = h CoscC 
F t / a = h COSCTC /a (ii) 
Where 
F t - T a n g e n t i a l Componen t of t he body f o r c e o f t he sed iments 
h = Slope d is tance of t he basin f l o o r 
oC - Ang le of pa leos lope of the basin 
a 3 A r e a of the s e d i m e n t a r y p r i sm occupy ing the bas in . 
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Ft /a = Stress act ing on sedimentary prism tangential ly to the rigid 
margin of the basin 
STRESS VlSnUBUTlON ANV OEFORMATIOW IW UMVHVAN BASIN : 
In a centr i fugal stress f ie ld compressive stress concentrat ion is at the periphery 
w i th tensile stress regime in the centra l part of the basin. The deformation 
under such stress conditions generate folds at the periphery of the basin in 
a compressive f ie ld and tensile f ractures in centra l part of the basin (see 
Iqbaluddin, 1981; Ramasamy, 1985). 
Vindhyan Basin of Rajasthan on the basis of axial or ientat ion and tectonic style 
can be delineated into Jhalaw/ar sector, Chi t torgarh sector, Parsoli sector, 
Bundi sector, Shahbad sector and Ramgarh sector. The stress distr ibut ion in 
d i f ferent sectors has been given in Table 11 . 
Table 11 
Sector 1 Trajectory Stress 
1. 
2. 
3. 
4. 
5. 
6. 
Shahbad 
Jhalawar 
Chit torga 
Parsoli 
Bundi 
Ramgarh 
rh 
E-W 
N32°E-S32°W 
N86°E-S86°W 
N70°W-S70°E 
N24°W-S24"E 
NW-5E 
Compressive 
Compressive 
Compressive 
Compressive 
Compressive 
Tensile 
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STRAIN IN NATURE AND EXPERIMENT : 
To develop a correlated model of strain, in nature and experiment, several 
experiments were performed in the laboratory to simulate the structural fabric 
of Vindhyan Basin. The simulated model deformation studies exhibit good cor-
relat ion w i th the spatial spread of the st ructural fabric of Vindhyan Basin of 
Rajasthan. 
STAIN IN NATUHE : 
The f in i te strain of Vindhyan Basin is characterised by compressive stress regime 
in the peribasinai zone and tensile stress f ie ld in the axial part of the basin. 
The most spectacular fabric element has been the Great Boundary Fault of 
Rajasthan which is a composite surface. It is developed as a thrust in Chi t torgarh 
and Khinya sectors. Excellent exposure of the thrust is seen in newly constructed 
road section at Dekr i Khera (Pl.VI Fig. a) where the Akoda Mahadev Sandstone 
has been folded and the folded l imb af ter rupture has over-ridden the regoli th 
covered granit ic basement (Berach Granite, 2500 M.a.) 
2. The surface indications of horizontal translat ion have been recorded 
from Bassi quarry near the c iv i l dispensary, Bassi. The Suket Shale in the proxi-
mity of the thrusted contact have been folded into open folds which exhibit 
f ractur ing of steeper limb fol lowed by high angle reverse fault (PI. V, F ig . 
a). Indications of tectonic translat ion in the peribasinai zone have also been 
provided by development of a-l ineations w/hich occur as slickensides brecciat ion, 
etc. (PI. V, Fig. b). These lineations are post-tectonic to folds is clearly demons-
t ra ted by pervasive nature of the slip lineations developed across the hinge 
of the folds (which have been formed by f lexural slip mechanism). 
3. Disharmonic folds have developed in sandstone layers where layer parallel 
strain has operated under compressive stress regime in the peribasinal zone 
of the basin (PI. V I , Fig. b). The folds exhibit progressive t ightening towards 
the basin margin. They are gentle towards the basin axis and open to t ight 
in the marginal zone. 
4. The central part of the basin has been studied by Ramasamy (1985), 
He has recorded tensile f ractur ing and dome and Basin structures (caused by 
f low of hydroplastic mater ia l f rom the high stress compressive zone towards 
the tensile regime in the centra l part of the basin). 
5. Strike slip faul t ing has been recorded f rom Barundni sector, where the 
major fold truncates against the tectonic plane of the Great Boundary Fault . 
6. In Palka area, The out l ier 's of Akoda Mahadev Sandstone rest w i th an 
erosional unconformity over the Berach Grani te. The occurence of the sandstone 
to the West of the tectonic grain of Great Boundary Fault has been variously 
interpreted. (Iqbaluddin, 1964; Prasad and Sharma, 1977). In the overall tectonic 
setting of the basin the disposition of Akoda Mahadev Sandstone beyond the 
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tectonic grain of Great Boundary Fault has been interpreted as the function 
of erosion and tectonics. The basal sequence exhibit layer parallel shortening 
which is zero percent in the basement, maximum at the base of the Vindhyan 
sedimentaries and least in the upper layers of sedimentary prism. The layer 
parallel shortening also exhibit progressive increase f rom the axis to the margin 
of the basin resulting in the development DecoUement along the unconformity 
plane between the basement and the Vindhyan Sedimentaries. Subsequent evolution 
of the landscape has exhumed the basement exposing the tectonic plane which 
coincides w i th the present disposition of the Vindhyan sedimentaries in the 
axial and marginal part of the basin (Fig.13a & b). 
STRAW IN EXPERIMEA/T ; 
The model deformation studies exhibit good correlat ion w i th the strain in nature 
as observed during the ground t ru th col lect ion in the study area. Experiments 
wi th rectangular r igid margins (corresponding to a model of Fault bounded 
basin) exhibit development of peribasinal folds and two sets of tensile fractures 
in the central part (Pi. VI I I , Fig. b) .With progressive deformation t ightening 
of folds and opening of f ractures can be noticed in the layer subjected to model 
deformation (PI. IX, Fig. a & b). 
The second experiment performed w i th a high viscosity putty layer on a model 
simulating sagging basin geometry (having c i rcular r igid margins), the model 
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responded w i th peribasinal folding and tensile f ractur ing in the central part. 
The fractures are essentially extensional and the peribasinal folding has been 
selective, restr icted to margin where the stress concentrat ion was more and 
in i t ia l nucleation was wel l defined. With continued increase in weight the folds 
accentuated in amplitude and progressively decreased in wavelength. The accen-
tuation of the amplitude led to t ightening and f ractur ing along the hinge zone 
of the marginal folds and overturning of external l imb. A fur ther increment 
in weight led to thrust ing of internal l imb over external l imb (see inset Y PI. X I , 
Fig. a) corresponding the layer paral lel shortening w i th progressive increase 
f rom axis to the periphery of the basin, as observed in nature in the study 
area. 
During the last stage of deformation when the model was subjected to release 
of centr i fugal stress, secondary f ie ld developed due to redistr ibut ion of stresses 
which led to str ike slip faul t ing (see inset Z & W, P,. X I , Fig. b). The tectono-
chronology of the str ike-sl ip faul t ing in the experimental studies exhibit good 
correlat ion wi th the Chronology of the present state of f in i te strain in the 
Vindhyan Basin of Rajasthan, where secondary wrench faul t ing is the last tectonic 
events in the basin. 
The Dome and basin observed in the centra l part of the basin (PI. XI I , F ig . b) 
represents possibly the construct ive strain generated by the release of the 
stress accumulations in the marginal part of the basin, post tectonic to the 
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development of the grain of the Great Boundary Fault as is represented by 
the Ramgarh Dome area in Kota d ist r ic t (see Ramasamy, 1984a, 1985). 
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PLATE I 
Intraformal ional conglomerate showing f lat unsorted phenoclasts 
F ig. a of ca lc i lu t i te set in l ime mud. Note the rough imbricate arrangement 
of the phenoclast suggesting shingle st ructure. 
Photomicrograph of Akoda Mahadev Sandstone showing rounded 
to subrounded quartz clast w i th embayed and sutured contact . 
Fig. b Note intragranular strain wi th in the quartz clast manifested as 
strain shadows (drak photo tone, discrete fractures). 
Cross N ico l . Mag (12.5). 
F ig . c 
Govindgarh Sandstone showing subrounded clast of quartz wi th 
f loat ing and point contacts. Note the development of the secondary 
cement between the quartz clast which at places has modif ied 
the grain out line due to internal solut ion. 
Cross Nico l . Mag (12.5). 
PLATE n 
Photomicrograph of Govindgarh Sandstone showing clastogenic 
b iot i te f lake. Note al terat ion of b iot i te and release of iron oxide 
F ig . a which occur as discrete grains wi th in the b io t i te flakes (dark photo 
tone). 
Cross N ico l . Mag. (12.5). 
Fig. b 
Photomicrograph of Samria Shale showing development of incipient 
fo l ia t ion nearly at r ight angle to bedding. The bedding is defined 
by al ternat ion of l ighter and darker phototones. The incipient fo l iat ion 
is defined by preferred alongation of serici te oriented in NE-SW 
direct ion in the photograph. 
Cross N ico l . Mag. (12.5). 
Photomicrograph of Lakheri Limestone showing calc i te of two 
generations, pr imary calc i te occurs as f ine grained mosaic showing 
sutured contacts. The secondary calc i te occurs as large idioblastic 
F ig . c prophroblasts w i th inclusions of pr imary calc i te wi th in the prophro-
blastic boundaries. The boundaries of porphorblast are defind by 
dark phototone. Stringers and veinlets of secondary calc i te are 
occasionally developed ( l ighter phototone) wi th in the porphorblast. 
Cross Nico l , Mag. (12.5). 
PLATE III 
The development of laminated bedding in Suket Shale defind by 
tonal variat ion in the superface of the photograph. Note unegual 
F ig . a thickness of the laminations. 
Pencil for scale = 1A cm. 
Locat ion: Bassi Dispensary. 
Trough type cross bedding in Akoda Mahadev Sandstone. Showing 
b-c sect ion. Note the t runcat ion of cross bed laminae towards 
super face and asypmtotic geometry of the foreset laminae towards 
the subface of the trough. 
Lens cover for scale = 5 cm 
Locat ion : Rajgarh. 
Fig. b 
Fig. c 
Asymetr ic r ipple marks in the fine grained arenite beds occuring 
as intercalat ions wi th in the Gannurgarh Shale. Note the development 
of the ripples in the Southeastern part of the photograph. The 
crests ( l ighter phototone) are separated by troughs (dark phototone). 
The crest show linear to curvi l inear crestal orientations and asymetry 
of the prof i le suggesting variations in the wave dynamics. 
Pencil for scale = 14 cm. 
Locat ion : Nal vil lage 
PLATE IV 
Akoda Mahadev Sandstone showing development of str iat ion cast defined 
by linear photo fabric parallel to the penci l . Locally the Rain prints 
are developed as bedding plain inhomogenities impart ing p i t ted appearance 
Fig. a to the super face. The rain prints are younger in depositional chronology 
to st r iat ion marks on the sandstone bed. 
Pencil for scale = 14 cm-
Location : Nal vi l lage. 
Flute cast in the sandstone bed occurring as interclat ions v/ithin the 
Gannurgarh Shale. Note the enechlon pattern of the f lute casts and 
the f lar ing out of the f lute towards the down current end. Striation cast 
Fig. b and Pod cast (parallel to the pencil) are developed on the subface 
of the sandstone at an angle to the f lute rol ler . 
Pencil for scale = 14 cm. 
Locat ion : Rajgarh. 
Folding of Rewa Shale near Great Boundary Fault along proposed Parsoli 
Railway Stat ion. Note the parallel ism of axial plane fol iat ion in the 
Fig. c shales w i th the Great Boundary Faul t , suggesting compressive stress 
f ie ld . 
Locat ionjParsol i Railway Station 
F ig . a 
PLATE V 
The folding of the Suket Shale is fol lowed by the development 
of high angle reverse fault exhibi t ing strain corresponding to com-
pressive stress regime in the peribasinal area. Note micro displace-
ment and horizontal translat ion of the hanging wall block towards 
the East of the photograph corresponding to the centr i fugal stress 
f ie ld model. 
Pencil for scale - 14 cm. 
Locat ion : Bassi Dispensary. 
Slip-l ineation along the bedding plane in Suket Shale. The slip 
l ineations suggest horizontal translat ion of beds towards the peripheral 
F ig . b zone. 
' Pencil for scale = 14 cm. 
Locat ion : Bassi Dispensary. 
Development of slip l ineations across the hinge of the mesocopic 
syncline in Suket Shale. Note the pervasive nature of the linear 
phototone across the hinge zone of the f lexural ly deformed sediments. 
The linear fabr ic suggest horizontal transport subsequent to folding 
Pencil for scale = 14 cm. 
Locat ion : Bassi Dispensary. 
Fig. c 
PLATE VI 
The thrusted contact of the Akoda Mahadev Sandstone of Kaimur 
Group (Breciated zone above the hammer) and the Berach Granite 
(2500 M.a.) occurring as eroded basement (homogenious phototone) 
F ig . a below the hammer. Note crushing and breciat ion of the Akoda 
Mahadev Sandstone and the absence of regol i th cover over the 
Berach Grani te. 
Locat ion : Dekri Khera 
Fig. b 
Disharmonic folding of the Akoda Mahadev Sandstone resulting 
in the development of layer parallel shear and DecoUement. The 
lack of incompetant mater ia l has resulted in the development 
of curved openings (Dark phototone) betw/een the sandstone layers 
exampl i fy ing the decollement tectonics. 
Location : Dekri Khera 
PLATE VH 
The photograph showing the machine w i th model on the top and the weighing 
assembly at bo t tom, designed to generate centr i fugal stress f ie ld . The machine 
comprise the fol lowing component : 
a. 
b. 
c. 
d. 
e. 
f . 
g-
h. 
I. 
J-
k. 
Tripod 
Circular ring 
supporting rods 
Experimental P la t fo rm 
Pullies 
Threaded bolts 
Top glass plate 
Rubber Sheet 
Strings. 
Weighing Assembly 
Plastic Model. 
PLATE VIII 
Experiment I 
(Model of Fault Bounded Basin) 
St^p-l 
Fresh Putty layer in a Rectangular r ig id margin. Note the presence 
Fig. a of in i t ia l wrinckles in the layer representing basement inhomo-
genieties in the model. 
Step-H 
F ig . b Note the development of two sets of tensile f racture in the central 
part of the model and perimarginal fo ld ing. 
Ste.p-m 
The model was subjected to centr i fugal stress f ie ld . Note the opening 
F ig . c of tensile f ractures in the central part and increase in wavelength 
and amplitude of the marginal fo ld . 
PLATE IX 
St^p-1 V 
Note the continued opening of tensile fractures in the central 
part and progression of fo ld wavelength towards basin suggesting 
F ig . a transgression of compressive f ie ld into tensile regime due to accumul-
ation of stresses along r ig id margin under centr i fugal ly directed 
stress f i e ld . 
Stap V 
The f in i te model deformat ion under centr i fugal stress f ie ld leading 
to transgression of compressive f ie ld into tensile regime. Note 
F ig . b the development of folds in the perimarginal part of the model 
and occurance of early formed tensile fractures as open elements 
wi th in the fo ld l imb (Bot tom r ight corner of the Photograph). 
PLATE X 
Experiment II 
(Model Corresponding to Sagging Basin Geometry) 
Stap-l 
Model w i th circular r ig id margin corresponding to sagging basin. 
F ig . a Note the presence of in i t ia l wrinckles in the layer representing 
the basement inhomogenieties which may selectively fac i l i ta te 
nucleations of fo ld . 
stzp-n 
Note the development of two sets of tensile fractures in the central 
F ig . b part of the model and in i t ia t ion of peribasinal folding at the margin 
of the model in a compressive stress f ie ld . 
st(Lp-ni 
Deformat ion of model under centr i fugal stress f ie ld . Note the 
development of radial f ractures and the accentuation of amplitude 
and progressive decrease in the wavelength of the marginal fo ld . 
The fold increased along the str ike of limbs due to accumulation 
of stress. Progressive model deformation led to stress accumulation 
along the margins.Note the f ractur ing along the hinge of the fold 
under compressive regime and extension of radial fractures towards 
the basin margin suggesting tensile stress in the axial zone of 
the basin. 
F ig . c 
PLATE XI 
Step-W 
Progressive deformation led to thrusting of inner l imb over the 
outer l imb (Bottom of the model). The inset block represents ommit ion 
Fig. a of the outer l imb by over thrust ing of the inner limbs along axial 
f racture in the model corresponding to the present geometry along 
Great Boundary Fault in Dekri Khera sector. 
Step-U 
The model showing the strain geometry caused by release of stresses. 
Note the development of secondary faul t ing leading dislocation 
Fig. b of the fractures wi th in the model. Inset Z & W show str ike slip 
fau l t ing of pre exsisting fractures by readjustment of stresses 
wi th in the basin. 
Enlargement of F ig . (b). Note the development of str ike slip faul t ing 
F ig . c result ing in development of le f t lateral slip along the pre existing 
f ractures. 
Fig. a 
PLATE XI I 
Development of tensile f ractur ing in the central part of the model 
and peribasinal folding w i th axial f ractur ing (SE part of the model). 
The model represent deformation under centr i fugal stress f ield 
generated by a to ta l weight of 11.15 kg. 
The model as shown in Fig (a) deformed in secondary stress f ield 
into dome and basin, formed due to construct ive strain generated 
Fig. b by release of stress brough about by removal of centr i fugal pull 
in the model. This stage correspond to the natural ly occurring 
strain in the Ramgarh Dome area in the Kota d ist r ic t of Rajasthan. 
PLATE X n i 
Folding of Akoda Mahadev Sandstone. Note the development of 
reverse fau l t in the t ight ly folded l imbs. Blue and Yellow pencil 
defines the location of fold hinges. Note the development a synclinal 
F ig . a axis below the Blue pencil and an ant icl inal closure above the 
blue penci l . The f racture marked F-F represent the thrust fau l t . 
Pencil for scale = 14 cm. 
Locat ion : Barundni Dam. 
The folding of Akoda Mahadev Sandstone in the margin of the 
Vindhyan Basin. Note steepening of the beds to near vert ical disposi-
t ion (bot tom r ight end of photograph) and thrust faul t ing of the 
Fig. b overturned l imb. Pencil marks the position of thrusted block. Hammer 
defines the steeping of the folded l imb. 
Pencil for scale - 14 cm. 
Locat ion : Barundni Dam. 
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